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COST  OF  SHOP  DRAWLNGS  FOR  STRUCTURAL 
IRON  AND   STEEL. 


By  Ralph  H.  Gage,  '03,  Civil  Engineering. 

The  following  data  were  gathered  by  the  waiter  while  in  charge 
of  the  Drafting  Department  of  A.  Bolter's  Sons'  Structural  Steel  and 
Iron  Works,  of  Chicago,  111.,  during  the  years  1504,  1905,  and  1906. 

The  Works  are  divided  into  three  different  departments,  the 
Structural  Shop,  the  Architectural  Shop,  and  the  Foundry.  The 
Structural  Shop  has  a  capacity  of  800  tons  per  month.  The  Draft- 
ing Department  employes  on  an  average  seven  or  eight  engineers. 
All  the  work  is  standardized  with  regard  to  details  to  as  great  an  ex- 
tent as  possible,  in  order  to  decrease  the  work  in  the  Drafting  Room, 
yet  not  to  such  an  extent  that  it  would  be  difficult  for  the  shop  men 
to  read  the  drawings.  For  example,  all  beam,  steel  and  cast-iron 
column  connections,  with  the  exception  of  special  cases,  are  not 
drawn  and  dimensioned  completely,  but  merely  indicated.  The  shop 
and  drafting  room  have  been  provided  with  a  set  of  the  firm's  stand- 
ards, which  have  all  these  connections  drawn  out  completely  with 
dimensions  and  wdiich  give  lists  of  the  material. 

The  data  here  presented  were  taken  from  a  great  variety  of 
work,  such  as  public  and  private  school  buildings,  churches,  brew- 
eries, malt  houses  and  elevators,  grain  bins,  warehouses,  libraries, 
hospitals,  apartment  buildings,  factories  and  manufacturing  plants, 
train  sheds,  mill  buildings,  office  buildings,  electric  lighting  plants 
and  pumping  stations. 

Table  I  show^s  the  character  of  the  buildings  and  also  the  aver- 
age cost  of  preparing  the  drawings.  The  cost  of  drafting  material 
and  blue  prints  is  not  included.  'V\niere  the  material  for  the  work 
is  to  be  ordered  from  the  mill  and  not  taken  from  stock,  the  cutting 
bills  or  mill  orders  are  taken  as  being  part  of  the  details.  Table  II 
shows  some  of  the  particulars  of  the  buildings  from  which  the  data 
in  Table  I  were  derived  and  the  following  notes  give  additional  in- 
formation about  some  of  the  work. 
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TABLE  I. 
Cost  of  Shop  Drawings. 


Tyi'E 


D 
E 
F 

G 

H 


J 
K 


Chakactek  of  Building 


Average  Cost 
Per  Ton 


Entire  skeleton  construction,  i.  e.,  loads  all 
carried  to  the  foundation  by  means  of 
steel  columns 

Interior  portion  supported  on  steel  columns; 
exterior  walls  carr3'  floor  loads  and  their 
own   weight 

Interior  portion  carried  on  cast  iron  columns; 
exterior  walls  support  floor  loads  as  well 
as  their  own  weight 

No  columns  and  floor  beams  resting  on 
masonry  walls  throughout 

Structure  consisting  mostl3''  of  roof  trusses 
resting  on  columns 

Structure  consisting  mostly  of  roof  trusses 
resting  on  mosonry  walls 

Mill  buildings 

Flat  one-story  shop  or  manufacturing  build- 
ings  

Tipples,  mining  structures  or  other  compli- 
cated struct  ui-es 

Malt  or  grain  bins  and  hoppers 

Remodeling  and  additions  where  measure- 
ments are  necessar3'  before  details  can  be 
made 


SI.  45 

1.22 

.70 

.85 

2.47 

1.25 
2.56 


4.88 
2.47 


1.87 


Item  2.  The  Faxton,  Horton  &  Gallagher  building  was  a  fire 
escape  of  unusual  size,  composed  almost  entirely  of  angles,  and  de- 
signed for  a  seven-story  building.  It  was  a  very  light  structure 
having  railings  and  balusters  of  i"  x  i"  x  y^"  angles.  This  ac- 
counts for  the  high  cost  per  ton  for  the  shop  drawings.  The  de- 
tails were  made  of  the  fire  escape  assembled  and  not  separate  de- 
tails of  each  piece. 

Item  3.  The  cost  of  the  Miller  Brewing  Company  Stock  House 
was  unusually  low,  only  thirteen  cents  per  ton.     The  building  con- 
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sisted  of  very  heavy  beams,  15"  60-lb.  I's  and  20"  80-lb.  I's.  Sep- 
arate details  were  made  of  each  piece,  but  as  there  were  many 
duplicates,  the  cost  was  low. 

Item  8.  The  Fred  W.  Wolf  Company  Building,  while  com- 
posed of  riveted  steel  columns,  beams  and  trusses,  was  square  and 
the  various  pieces  had  many  dupHcates. 

Item  18.  The  White  City  Tower  consisted  of  sixteen  riveted 
steel  columns  rising  to  a  height  of  about  250  feet  above  the  ground, 
with  an  elaborate  system  of  diagonal  angles  for  wind  bracing.  There 
were  no  floor  systems  throughout  the  entire  structure.  It  might  be 
interesting  to  state  here  that  during  the  erection  of  this  tower  not  a 
single  piece  had  to  be  cut  or  a  hole  drilled,  and  only  two  holes  had  to 
be  reamed  in  the  field. 

Item  22.  The  Newaygo  Portland  Cement  Company's  tipple 
was  similar  to  the  ordinary  coal  tipples.  The  details  were  made  of 
the  structure  assembled,  and  show  all  necessary  views  and  sections. 

Item  23.  The  Sears,  Roebuck  &  Company  train  shed  was  com- 
posed of  a  long  row  of  trusses  resting  on  masonry  walls  and  an- 
chored to  same,  with  a  hip  roof  at  one  end  and  vertical  framing  for 
glass  at  the  other  end. 

Item  30.  The  Welch  Presbyterian  Church  consisted  of  a  very 
complicated  hip  and  valley  roof  whose  trusses  rested  on  steel  col- 
umns built  in  the  walls. 

Item  35.  The  Diversey  Boulevard  M.  E.  Church  was  com- 
posed of  a  hip  roof,  but  the  trusses  rested  on  and  were  anchored  to 
the  masonry  walls. 

Item  36.  The  Lawrence  Avenue  Pumping  Station  consisted  of 
trusses  supporting  a  hip  roof  resting  on  masonry  walls,  a  crane 
runway  of  24"  80-lb.  I's  resting  on  Z-bar  columns,  and  floor  beams 
resting  on  concrete  walls. 

Item  39.  The  Conrey  Placer  Mining  Company's  structure  was 
very  complicated,  and  consisted  of  a  long  steel  flume  supported  by 
a  bridge-like  truss,  and  other  placer  mining  devices,  such  as  sluice 
gates,  grizzleys.  The  structure  was  of  comparatively  light  weight, 
and  there  being  no  duplicate  parts,  the  cost  of  details  was  high. 

Item  44.  The  IMinneapolis  Brewing  Company  Bottling  House 
is  a  fire-proof  structure  with  two  floors  and  a  roof.  The  floor  beams 
rest  on  the  exterior  masonry  walls  and  frame  into  cast  iron  columns 


Gage — Shop  Drawings.  ii 

on  the  interior.  The  roof  is  supported  by  small  trusses  resting  on 
cast-iron  columns  and  the  exterior  walls. 

Item  45.  The  Jos.  M.  Ward  building  was  a  store  and  office 
building  built  partly  over  a  small  river.  The  foundations  for  the 
columns  were  laid  in  the  river  bed,  and  those  columns  which  came 
ill  contact  with  the  water  were  made  of  cast  iron  and  braced  in  all 
directions  with  i^"  sway  rods,  while  the  remaining  columns  were  of 
steel.  Riveted  plate  girders  under  the  first  floor  spanned  the  river 
which  flowed  almost  directly  under  the  building. 

Item  54.  The  DuPont  Building  was  a  warehouse  of  the  ordi- 
nary skeleton  construction  and  very  plain  and  square.  All  the 
columns  were  practically  alike,  and  the  beams  were  similar  for  all 
floors,  hence  the  low  cost  for  the  details. 

Item  56.  The  Carson,  Pirie,  Scott  &  Co.  bridge  consisted  of 
a  double  bridge  or  passageway  across  an  alley  connecting  their  two 
buildings.  As  the  walls  of  each  building  were  only  curtain  walls, 
the  girders  rested  on  columns  next  to  the  walls  running  from  the 
ground  up.  All  measurements  such  as  floor  heights  and  distances 
between  walls  had  to  be  taken  at  the  building,  and  the  expense 
incurred  for  taking  these  measures  is  included  in  the  cost  of  details. 

Item  62.  The  Evanston  Public  Library,  while  a  low  two-story 
building  with  all  floor  beams  and  trusses  resting  on  masonry  walls, 
except  for  a  few  interior  cast  iron  columns,  had  a  very  crooked  hip 
and  valley  roof,  also  suspended  ceilings  and  skylights.  The  ceiling 
and  skylight  were  made  of  small  tees  and  channels,  and  hung  from 
the  roof  trusses. 

Item  64.  The  Knickerbocker  Ice  Company  stable  was  a  three- 
story  building  constructed  so  that  the  second  and  third  floors  were 
suspended  from  the  roof,  thereby  leaving  no  columns  to  obstruct  the 
main  floor.  The  roof  trusses  spanned  about  sixty  feet  and  were 
correspondingly  heavy. 

Item  65.  The  Oak  Park  Hospital  was  a  strictly  fire-proof 
structure  composed  of  cast  iron  columns  and  steel  floor  beams.  The 
roof  was  a  hip  and  valley  roof  made  up  of  channels,  beams  and  tee 
iron,  which  in  turn  were  covered  with  tile. 

Item  66.  The  Otis  Elevator  Company  F'oundry  building  was 
constructed  on  the  common  mill  building  plan  with  riveted  steel  col- 


12  The  Tcchnograph. 

unins.  trusses,  crane  runway,  purlins,  and  bracing,  which  needs  no 
further   description. 

Item  y2.  The  Garrett  BibHcal  Institute  Annex,  while  a  small 
building  containing  only  39  tons  of  structural  steel,  has  a  compli- 
cated hip  roof  with  dormer  windows.  The  entire  roof  was  covered 
with  i^"  X  l^"  X  54"  angles,  all  fitting  around  the  dormer  roofs 
for  Ludowici  tile. 

Item  76.  The  St.  Stanislaus  Hall  building  consisted  mostly  of 
large  plate  girders  and  high  A-shaped  trusses. 

Item  yy.  The  Gould  Elevator  is  a  large  grain  elevator  with 
reinforced  brick  sides  and  steel  hopper  bottoms.  The  hoppers  were 
made  of  5-16"  steel  plates  and  were  supported  by  heavy  plate  gir- 
ders, which  in  turn  rested  on  the  exterior  masonry  wall  and  on 
interior  steel  columns.  The  plates  for  these  hoppers,  some  of  which 
were  sixteen  feet  square  when  assembled,  were  all  shipped  loose  and 
assembled  at  the  building. 

Item  78.  The  Ailing  Construction  Company  tank  support  was 
of  the  ordinary  four  post  construction.  The  posts  were  made  of 
beams  and  had  a  slight  batter.    The  bracing  was  composed  of  angles. 

Items  80  and  85.  The  Fred  Miller  Brewing  Company  stock 
house  and  bottling  house  were  both  constructed  with  very  heavy 
floor  systems  and  cast  iron  columns.  The  buildings  were  square 
and  required  few  details,  as  most  of  the  floor  beams  were  alike. 

Item  81.  The  Western  Foundry  Company  building  was  mostly 
roof-truss  work  consisting  of  120- foot  trusses  resting  on  masonry 
walls  with  a  cast-iron  column  in  the  center.  Suspended  from  these 
trusses  was  a  beam  trolley-track  with  a  number  of  curves  and 
switches  which  made  the  detailing  more  expensive  than  it  would 
have  been  for  ordinary  roof  truss  work. 

There  is  always  a  noticeable  decrease  in  the  cost  of  the  details 
when  the  plans  for  the  ironwork  are  made  and  designed  by  an  en- 
gineer and  separated  from  the  general  plans.  On  comparing  the 
cost  of  picking  out  the  structural  steel  and  making  the  shop  draw- 
ings from  the  architect's  plans  and  the  engineer's  plans,  it  was  fouad 
that  the  cost  of  the  former  is  on  an  average  of  35  per  cent  higher 
than  the  latter.  Where  the  engineer's  plans  are  made  with  no  di- 
mensions, with  only  the  outline  and  sections  given,  it  being  neces- 
sary to  refer  to  the  general  plans  for  the  location  and  dimensions, 
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there  is  no  saving  of  time,  and  the  detaihng  runs  as  high  as  on  the 
architect's  plans. 

Inaccurate  plans,  where  the  draftsman  is  continually  finding 
errors,  cause  an  increase  in  the  cost,  as  it  is  necessary  to  wait  and 
refer  the  matter  to  the  architect ;  and  in  most  cases  he,  in  turn,  has  to 
check  over  his  plans  before  he  can  settle  the  question,  all  of  which 
causes  considerable  delay  and  takes  time  that  might  otherwise  be 
spent  in  making  the  drawings. 

The  cost  of  structural  steel  details  depends  on  so  many  things 
that  it  is  hard  to  set  any  fixed  rule  for  determining  what  this  cost  is. 
The  type  of  the  building  is  the  first  consideration ;  then  the  architect 
and  engineer,  their  methods  of  drawing  up  their  plans ;  and  finally 
the  detailing  drafting  force  one  is  obliged  to  depend  upon. 
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SPECIFIC  HEAT  OF  SUPERHEATED  STEAM. 


By  Henry  B.  Dirks,  M.  E.,  '04. 


The  first  iniporta'^^"  determination  of  the  specific  heat  of  steam, 
was  made  by  Regnault  in  1862,  when  he  obtained  the  well  known 
value  of  0.48  as  the  mean  specific  heat  at  atmospheric  pressure  be- 
tween 128  and  221°  C.  The  calculations  of  Mallard  and  LeChate- 
lier,  1883,  and  Berthelot  and  Vieille,  1885,  on  the  principle  of  the 
explosion  tests  followed  and  pointed  to  a  strong  increase  of  the 
specific  heat  with  the  temperature,  however  gave  no  conclusions 
as  to  the  influence  of  pressure.  With  the  increase  in  the  use  of 
superheated  steam  in  both  the  steam  engine  and  of  late  years  the 
steam  turbine,  there  came  the  desire  for  further  knowledge  regard- 
ing the  specific  heat  at  constant  pressure,  and  the  properties  of 
steam  dependent  thereon,  which  fact  was  the  cause  of  several  later 
observations.  Those  of  Langen,  1903,  based  on  the  same  principle 
as  the  above  by  Mallard  and  LeChatelier  and  also  the  calorimetric 
determination  at  atmospheric  pre-^sure  of  Holborn  and  Henning, 
1905,  point  to  an  increase  of  Cp.  with  the  temperature  at  high  tem- 
peratures. 

The  first  experiments  to  determine  the  variation  of  the  specific 
lieat  with  the  pressure  were  those  of  Grindley,  1900,  who  with  a 
throttling  calorimeter  in  which  in  throttling  from  pressures  of 
14  to  2  atmospheres  he  produced  superheated  steam  at  lower  pres- 
sures, found  the  specific  heat  to  be  independent  of  the  pressure.  This, 
however,  was  contrary  to  most  of  the  theories  which  had  been  prev- 
iously advanced  and  made  further  experimental  investigation  desir- 
able. This  was  done  by  H.  Lorenz  in  1905,  who  from  calorimetric 
determinations  deduced  the  important  fact  that  Cp  decreases  with 
the  temperature  from  saturation  whereas  at  a  given  temperature  it 
increases  with  an  increase  of  pressure,  a  result  which  H.  Callendar 
had  obtained  but  shortly  before,  1901. 

The  more  recent  work  of  T\Tessrs.  Knoblauch,  Linde  and  Klebe 
at  the  laboratory  for  technical  physics  of  the  Technical  High  School 


Editors  Note. — A  translated  review  of  the  results  of  experiments  by 
Knablauch  and  Jakob,  performed  at  the  laboratory  for  technical  physics 
at   Munich. 
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at  Munich,  1905,  on  the  properties  of  superheated  steam,  from 
which  they  deduced  a  general  equation  between  pressure,  volume  and 
temperature  and  therefrom  derived  an  expression  for  the  specific  heat, 
seems  to  bear  out  in  general  the  results  of  the  experiments  ot 
Lorenz.  The  actual  observed  values  of  Lorenz  and  those  calculated 
by  Linde  however,  show  considerable  differences.  It  was  because 
of  this  fact  that  the  investigations  at  the  laboratory  of  the  Technical 
High  School  at  Munich  were  continued  for  another  year  and  a  half. 
This  work  was  carried  on  by  Messrs.  Knoblauch  and  Jakob  and 
included  experiments  for  the  determination  of  Cp  from  the  vicinity 
of  Saturation  to  350°  C.  for  pressures  of  2,  4,  6  and  8  atmospheres. 
Apparatus:  The  apparatus  used  in  these  tests  of  Messrs. 
Knoblauch  and  Jakob  is  shown  in  Fig.  i.  The  steam  was  taken 
from  a  boiler  and  next  passed  through  a  separator  to  remove  the 
moisture.  The  steam  was  then  totally  dried  and  brought  to  a  tem- 
perature ti  in  the  first  vertical,  electrical  superheater,  and  in  a 
second  electrical  superheater,  (the  actual  test  apparatus)  further 
heated  to  a  temperature  to  by  means  of  an  accurately  measured  elec- 
trical input  of  W  Kg.  cal.  per  hr.,  minus  the  heat  loss,  V  Kg.  cal.  per 
hr.,  due  to  radiation,  convection,  etc.  Finally  the  steam  was  con- 
densed in  two  consecutive  condensors,  and  its  weight  G  Kg.  per  hr. 
determined  by  weighing.  From  the  above  quantities  the  maen  spe- 
cific heat  for  the  temperature  range  from  tj  to  t^  is 

Cp  =    GlkjzO  (I) 

^  W V  ^^ 

For  small  values  of  to  —  t^,  this  means  specific  heat  is  very  close 

t   -4-  t 
to  the  actual  specific  heat  at  the  temperature  — ^- 

The  purpose  of  the  first  superheater  was  simply  to  give  to  the 
steam  the  required  temperature  at  which  the  test  was  to  be  made, 
and  to  insure  its  being  in  a  uniform  condition.  For  this  purpose  the 
first  superheater  was  made  of  considerable  length  with  electrical 
surface  heaters  in  its  upper  end  and  a  series  of  wire  netting  in  its 
lower  end.  In  this  manner  enough  heat  was  added  to  the  steam 
at  the  very  beginning  to  give  the  necessary  degree  of  superheat  and 
was  later  thoroughly  mixed   in  passing  through  the  wire   netting. 

In  this  uniform  condition  the  steam  passed  through  the  pipe  R^ 
to  the  second  superheater,  the  actual  test  apparatus,  shown  in  Fig.  2. 
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This  second  superheater  is  in  reaUt}-  an  electrically  heated  oil  bath, 
through  which  the  steam  is  passed  in  a  copper  coil  of  over  i6  feet 
in  length  and  0.71  inch  internal  diameter.  The  heater  has  a  resis- 
tance of  17^/4  Ohms  and  on  the  average  carried  a  current  of  8.3  Amp. 


typppppppp 

£=3-  --I---  £=3. 
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Fig.  I. — Apparatus  Used  for  Finding  Cp  of  Superheated  Steam. 
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at  143  volts,  a  capacity  of  nearly  1.2  K.  W.  The  oil  bath  was  thor- 
oughly insulated  by  means  of  asbestos  and  air  spaces  outside  of 
which  there  was  a  steam  jacket  in  which  water  was  continually  kept 
at  the  boiling  point,  thus  tending  to  decrease  radiation  losses  and 
make  them  constant.  The  incoming  and  outgoing  steam  tempera- 
tures were  measured  in  the  oil  filled  thermometers  cups  H^  and  Ho, 
tliese  being  axially  placed   in   the   steam   pipes.     The   temperature 


Fig.  2. — Superheater. 


of  the  oil  bath  was  taken  by  another  thermometer  placed  between 
the  steam  coil  and  the  electric  heater.  A  propeller  shaped  stirrer  at 
the  bottom  of  the  oil  bath  kept  the  bath  at  a  uniform  temperature. 
Openings  in  the  steam  pipe  before  and  after  entering  the  thermostat 
were  connected  to  a  pressure  gage  f.  Fig.  i,  by  means  of  copper  tubes. 

2—1.  U. 
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From  the  second  superheater  the  steam  passed  through  2  con- 
secutive condensers,  first  through  the  sHghtly  incHned  pipe  r^.  Fig.  i, 
which  was  cooled  by  water  sprinkled  from  the  pipe  r.  placed  directly 
above  it.  The  regulation  obtained  from  this  condenser  was  very 
simple  and  effective,  necessitating  only  the  regulation  of  the  cool- 
ing water.  From  this  condenser  the  mixture  passed  through  the 
second  condenser  O  on  which  was  attached  a  glass  gage  and  from 
which  any  small  variation  in  the  flow  of  condensed  steam  could  be 
observed.  The  mixture  then  passed  through  the  cooling  coils  K,  to 
insure  against  vaporization  when  passing  into  the  weighing  buckets. 
The  dischargeing  water  was  finally  weighed  on  the  balance  D. 

The  test  proper  divides  itself  into  two  sections,  first  the  main 
test,  in  which  the  increase  in  temperature  (t^  —  ti)  of  the  steam 
G  Kg.  per  hr.  due  to  the  addition  of  W,  W  E  per  hr.  is  determined 
and  an  auxiliary  test  in  which  the  heat  loss  V,  W  E  per  hr.  is  de- 
termined. 

The  first  part  of  the  test  required  on  the  average  about  40  min.. 
a  period  of  5  hours,  however,  being  necessary  before  starting  the 
test,  to  insure  a  condition  of  thermal  equilibrium  within  the  appara- 
tus. Although  it  was  not  always  possible  to  retain  this  condition 
during  the  test,  it  was  always  carefully  observed  that  the  temper- 
ature of  the  oil  bath  was  the  same  at  the  beginning  and  end  of  the 
test. 

The  auxiliary  test  was  made  immediately  after  the  close  of  the 
main  test  to  determine  the  heat  losses  due  to  radiation,  convection, 
vaporization  of  the  oil.  etc.,  which  necessarily  varied  for  the  dif- 
ferent tests.  As  soon  as  possible  after  the  close  of  the  main  test, 
the  steam  was  shut  off  and  the  ?lectrical  heat  so  regulated  as  to 
keep  the  temperature  of  the  oil  unchanged  and  equal- to  that  or  the 
main  test.  The  heat  necessary  for  this  ])urpose  was  just  that  which 
was  lost  during  the  main  test. 

Calculation  :  From  the  observed  values  of  the  quantities,  \\'. 
\  ,  G,  tj  and  to,  the  specific  heat  may  be  calculated  from  the  simple 
equation  (i)  page  ...  in  place  of  which  we  may  more  accurately 
write  the  following: 

rt.>  p    ^,         W— V 

This  formula,  however,  presupposes  that  the  pressure  in  the 
sleam  spiral  is  constant.     As  in  realitv  some  throttling  occurred,  so 
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that  p2  was  on  the  average  0.06  less  than  Pi,  another  small  correc- 
tion had  to  be  inserted.  According  to  Regnault's  formula  the  heat 
necessary  to  generate  i  Kg.  of  superheated  steam  from  the  absolute 
pressure  P  Kg.  per  sq.  cm.  and  the  temperature  t°  C  is 

A  =  606.5  +  0.305  ts  +  Q"  (t  —  t«) 
wherein  ts  denotes  the,  saturation  temperature.     In  this  case  there- 
fore we  have  for  the  entering  steam, 

Ai  =  606.5  +  0.305  tsi  +  J  ts['  ^P  ^^• 
and  for  the  exhaust  steam, 

A,  =  606.5  +  0.305  U  +  C[''     Cp  dt. 

From  this  the  difference  between  the  heats  required  to  generate 
may  be  calculated  to 

A,  —  A,  =:  0.305  (t.,  -  t.o  +  f  J^  Cp  dt  - '  r  *^  Cp  dt. 

toA— A,=o.305(t,— 1,0+    fV^Cpdt^    r^2  cpdt+    f^/^Cp  dt 


or 

or  finally  to 

A,  —  A,  =  0.305  (t.,,  —  tsi)  +  Cp  (t,i  —  ts,)  +  rj^     Cp  at. 

In  the  latter  form  the  allowable  supposition  is  made,  that,  in  the 
small  interval  from  t^j,  to  t^,  (0.59°  C.  on  the  average)  correspond- 
ing to  Pi  and  P2.  Cp  remains  unchanged.  In  these  tests  the  dif- 
ference (t2  —  t^)  was  on  the  average  39°  C.  The  mean  specific 
heat  for  this  small  interval  is  but  very  little  different  from  the  actual 

t     '    t 
specific  heat  at  the  temperature  — LZL_-  ,    Accordingly  the  formula 

2 

for  (Ao  o  Aj^)  changes  to  the  form, 

A,  —  A,    r=    0.305    (t,,   —  ts,)    +    Cp    (t,,   —  ts,)    +    Cp    (t,   —   tj. 

Wherein  Cp  (tj  —  t J  is  the  superheat  and  (Cp  —  0.305)  (t^i  —  t^a) 
is  used  in  throttling. 

As  in  the  foregoing  case, 

A  A    __W--^ 

A.  -  A,  _  ^ 

therefore 

_     (W-V)-f  0.305  G(ts,-t3,)  , 

^~  G[(t,-tO-f  (ts,-ts,)]  ^^^ 
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From  this  equation  Cp  may  be  calculated.     For  t^^  =  t«o  we  natur- 
ally obtain  the  simple  formula 

r    -     ^^  —  ^^ 
^P  --  G(t,  — tj 

Reslxts  of  Tests  :  The  tables  and  curves  that  follow  are  the 
results  of  2y  tests,  Avhich  were  executed  between  Aug.  9  and  Nov. 
30,  1905.  They  conclude  a  series  of  investigations  covering  a  period 
of  2  years,  comprising  outside  of  many  preliminary  tests  almost  100 
complete  working  days,  of  which  the  last  27  were  chosen  for  the 
determination  of  Cp. 

Table  I. 

Results  of  Experiments  by   Knoblauch   and  Jakob 

AT    THE 

Technical  High    School  of   Munich 
1906. 


PRESSURE- 

ABSOLUTE 

temperatures 

Test 

Specific 

No. 

Heat 

Kg.  per 

Lbs.  per 

^c 

°P 

Cp. 

sq  cm. 

sq  in. 

1 

2.01 

28.59 

149.1 

300.4 

0.478 

t 

2.02 

28.73 

188.2 

370.8 

.470 

3 

2.00 

28.45 

240.4               464.7 

.474 

■4 

2.00 

28.45 

245.9       !         474.6 

.474 

5 

2.02 

28.73 

296.6       i         565.9 

.476 

6 

2.01 

28.59 

345.9       I         654.6 

.486 

7 

2.02 

28.73 

349.3 

660.7 

.494 

8 

4.00 

56.89 

170.6 

339.1 

.502 

9 

3.99 

56.75 

210.5 

410.9 

.490 

10 

4.01 

57.03 

260.8 

501.4 

.487 

11 

3.98 

56.61 

304.7 

580.5 

.485 

12 

3.98 

56.61 

306.1 

583.0 

.491 

13 

4.01 

57.03 

306.5 

583.7 

.490 

14 

4.00 

56.89 

350.3 

662.5 

.500 

15  ^ 

6.00 

85.34 

180.2 

356.4 

.531 

16 

6.00 

85.34 

217.5 

413.5 

.502 

17 

6.01 

85.48 

259.8 

499.6 

.492 

18 

5.98 

85.05 

306.4 

583.5 

.490 

19 

6.01 

85.48 

349.6 

661.3 

.502 

20 

8.00 

113.78 

188.1 

370.6 

.557 

21 

8.00 

113.78 

240.0 

464.0 

.500 

'V"* 

8.00 

113.78 

295.0 

563.0 

.490 

-»  ^ 

8.00 

113.78 

295.2 

563.4 

.488 

24 

8.00 

113.78 

295.7 

564.3 

.498 

25 

7.99 

113.64 

344.9 

-652.8 

.501 

26 

7.98 

113.50 

349.8 

661.6 

.504 

27 

8.00 

113.78 

356.0 

672.8 

.509 
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Table  I  and  the  curves  of  Fig.  3  show  the  actual  results  of 
these  tests.  In  the  graphical  interpretation  of  the  results,  care 
was  taken  that  the  deviation  of  the  separate  points  from  the  com- 
pensating curve  was  as  small  as  possible ;  on  the  other  hand  in  draw- 
ing each  separate  curve,  the  direction  of  the  other  three  curves  was 
also  taken  intO'  account.  This  consideration  was  advisable,  as  in  the 
case  at  hand  not  only  the  graphical  representation  of  the  observa- 
tions of  equal  pressure  and  varying  temperature  but  also  of  equal 
temperature  and  varying  pressure  were  to  be  shown.  In  drawing 
the  curves  a  maximum  deviation  of  0.5%  was  allowed. 

From  the  immediate  results  obtained  for  2,  4,  6  and  8  atmos- 
pheres pressure,  the  curves  for  i  and  o  and  also  for  10  atmospheres 
were  easily  obtainable  by  extrapolation.  This  was  done  in  the 
following  manner ;  from  the  Cp  —  t,  diagram  the  values  for  Cp  at 
a  certain  temperature  were  taken  for  various  pressures  and  used  in 
a  Cp  —  p,  diagram  of  isothermals.  These  isothermals  were  then 
extended  from  2  to  o  and  from  8  to  10  atmospheres ;  the  values 
of  Cp  for  the  particular  pressures  were  then  finally  again  transposed 
to  the  Cp  —  t,  diagram. 

Later  a  further  extrapolation  to  20  atmospheres  and  400°  C. 
was  attempted  from  which  the  curves  of  Fig.  4  have  been  trans- 
posed. 

If  at  first  sight  such  an  extended  extrtapolation  may  seem  a 
venture,  on  closer  investigation  however  of  the  following  reasons 
they  will  deserve  more  confidence,  and  certainly  for  all  practical  pur- 
poses give  sufficiently  accurate  values. 

1.  At  saturation,  where  the  change  of  specific  heat  with  the 
pressure  is  especially  large,  and  an  extrapolation  therefore  could 
not  be  depended  on,  Cp  may  be  fairly  well  determined  by  the  equa- 
tion 

2  ^2       10^ 
(Cp)s    =    0.41     +        (T^    _'^^^)4  (4) 

which  gives  exact  values  at  saturation  for  2,  4,  6,  8  and  207 .  i  Kg. 
per  sq.  cm.  (i.  e.  the  critical  pressure).  It  may  well  be  assumed 
therefore  that  the  values  thus  obtained  for  from  8  to  20  atmospheres 
will  not  be  much  in  error. 

2.  At  high  degrees  of  superheat   (500  —  700°  F)   the  specific 
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heat  does  not  vary  greatly  with  the  pressure,  see  Fig.  3,  so  that  an 
extrapolation   would  be   sufficiently  accurate. 

There  remains  in  doubt  therefore,  only  the  region  from  about 
400  —  500° F.  for  which,  however,  the  curves  are  almost  rectilinear, 
and  can  therefore,  be  assumed  with  sufficient  accuracy. 

From  Fig.  4  the  mean  specific  heats  for  degrees  of  superheat 
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from  ts,  the  saturation  temperature,  to  a  temperature  t,  which  are 
of  especial  practical  value  have  been  determined  and  are  recorded  in 
Table  II.  These  mean  values  were  obtained  by  dividing  the  area 
below  the  curves  of  Fig.  4,  as  obtained  with  a  planimeter,  by  the 
width,  thus  obtaining  the  mean  height. 

Laws  Deduced  From  Experiments: 

From  the  foregoing  experiments  it  is  evident  that  in  regarding 
the  variation  of  Cp  the  region  near  saturation  must  be  considered 
apart  from  that  at  high  superheat.  The  variations  of  the  specific 
heat  Cp  with  the  temperature  and  pressure  have  been  formulated 
by  Knoblauch  and  Jakob  into  the  following  statements : 

1.  At  constant  temperature,  Cp  increases  with  increasing  pres- 
sure. The  rate  of  increase  is  greatest  near  saturation,  decreasing  at 
higher  degrees  of  superheat. 

I  a.  Near  saturation  the  rate  of  increase  of  Cp  with  the  pres- 
sure increases  while  at  high  superheat  it  seems  to  decrease. 

2.  For  a  given  pressure  Cp  decreases  with  increasing  super- 
heat until  reaching  a  minimum  value  after  which  it  increases  with  the 
temperature. 

2a.  This  minimum  value  changes  at  increasing  pressure  to 
higher  temperatures. 

3.  The  specific  heat  Cp  for  zero  atmospheres  is  not  a  constant, 
as  has  usually  been  assumed,  but  in'creases  at  an  increasing  rate  with 
higher  temperatures. 

4.  The  ''saturation  curve"  rises  with  increasing  temperature, 
therefore,  also  with  increasing  pressure,  attaining  very  rapidly  a 
large  value  of  Cp. 

This  variation  may  be  represented  with  comparative  accuracy 
above  i  atmos.  absolute  by  the  empirical  formula. 

/^   N  ,  2.52  .  10^  ,   . 

(Cp).  =  0.41   +     (T,._TO^  ^"^^ 

Tfc  =  tfc  +  273  =  365  -f-  2j^  =  638°C.,  the  critical  temperature 
in  absolute  units. 

Tg  ^  ts  -f-  273,  the  absolute  saturation  temperature.  This  form^ 
ula  even  holds  at  the  critical,  for  which  according  to  the  theory  of 
heat  Cp  :=  a.  If  we  place  T«  =  T;-  in  the  above  we  obtain  Cp  =0:. 
as  required. 
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STRUCTURAL     DESIGN     OF     ORDINARY     BUILDINGS. 


By  Bexjamix  E.  Wixslow,  ]\I.  W.  S.  S. 


The  structural  design  of  buildings  is  a  matter  of  the  proper 
selection  of  loads  and  safe  working  stress,  more  than  anything  else. 
After  the  loads  and  safe  working  stresses  are  selected,  almost 
everything  else  follows  as  a  matter  of  course  for  ordinary  build- 
ings. 

]\Iost  authorities  agree  on  the  formulae,  by  which  the  strength 
of  beams  should  be  calculated.  Formulae  based  upon  the  common 
theory  of  flexure  are  almost  universally  used.  Formulae  for  cal- 
culating the  strength  of  columns  vary  greatly,  but  still  the  proper 
formula  to  use  for  any  given  case  is  well  established,  and  in  this 
paper  no  attempt  will  be  made  to  cover  this  field,  as  it  is  well  cov- 
ered in  the  regular  course  of  structural  mechanics  given  at  our 
universities.  On  the  other  hand,  when  we  come  to  the  proper  se- 
lection of  safe  working  loads,  ultimate  and  safe  working  stresses 
and  factors  of  safety,  there  is  altogether  too  great  a  variation  to 
be  found. 

The  minimum  safe  working  live  loads  in  lbs.  per  square  foot 
of  floor  are  often  established  by  law.  Thus,  the  ordinance  of  New- 
York  and  St.  Louis  specifies  150  lbs.  for  the  first  floor  of  office 
buildings,  while  the  ordinance  of  Milwaukee  specifies  60  lbs., 
For  schools,  the  ordinances  of  Boston  and  Baltimore  specify  150 
lbs.,  while  the  Milwaukee  ordinance  specifies  50  lbs.,  and  for  ware- 
Jiouses  the  ordinance  of  Boston  specifies  250  lbs.,  while  the  Chi- 
cago ordinance  specifies  only  100  lbs.  Such  a  wide  range  of  the 
minimum  live  loads  allowed  for  buildings  used  for  the  same  pur- 
poses, but  located  in  diflferent  cities,  is  unwarranted,  and  onlv 
causes  contempt  for  the  ordinances,  and  does  a  great  deal  of  harm. 

A  similar  wide  range  is  required  by  law  for  the  safe  working 
stresses  for  the  same  materials.  For  the  extreme  fiber  stress  in 
compression  of  cast  iron,  the  Boston  ordinance  specifies  8000  lbs. 
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per  square  inch,  while  the  New  York  ordinance  allows  16000  lbs. 
The  stress  on  the  extreme  fiber  of  yellow  pine  beams  is  limited  to 
1200  lbs.  per  square  inch  in  New  York,  while  1800  lbs.  per  square 
inch  is  allowed  in  Buffalo  and  ]\Iemphis,  Tennessee.  The  safe  com- 
pressive strength  of  oak  across  the  grain  is  limited  to  250  lbs.  per 
square  inch  in  Chicago,  while  800  lbs.  per  square  inch  may  be  used 
in  New  York  and  Washington. 

The  ultimate  strength  as  given  by  •various  authorities  causes 
c.  great  deal  of  confusion.  For  the  modulus  of  rupture  for  long 
leaf  Southern  pine,  Prof.  Lanza  gives  5000  lbs.  per  square  inch, 
while  Prof.  Patton  gives  15000  lbs.  For  the  ultimate  shearing 
strength  of  oak  parallel  with  the  grain,  Prof.  .Lanza  gives  266  lbs. 
per  square  inch;  A.  L.  Johnson  and  W.  G.  Berg  give  800;  Profes- 
sors Fernow  and  Burr  give  1000;  Prof.  Hatfield,  1250;  and  Prof. 
Patton,  2300  lbs.  per  square  inch, — a  variation  of  over  800  per 
cent ! 

The  safest  course  is  to  find  out  the  reliability  of  the  tests 
quoted  by  the  various  authorities,  and  if  they  are  equally  reliable, 
to  take  a  grand  average  of  them  all ;  it  may,  therefore,  be  very 
misleading  to  fall  back  on  one  authority  alone. 

The  factor  of  safety  may  be  defined  as  the  ratio  of  the 
ultimate  stress  to  the  safe  stress.  As  both  the  numerator  and  dc- 
.nominator  of  this  ratio  are  thus  seen  to  vary  between  wide  limits, 
the  factor  of  safety  naturally  will  also  have  a  large  variation.  This 
variation  is  increased  by  many  other  uncertain  factors  that  enter 
into  the  factor  of  safety.  Broadly  speaking,  the  factor  of  safety 
depends  upon  the  following  three  factors,  namely : 

1.  The  nature  of  the  load 

2.  The  nature  of  the  material  ■     • 

3.  The  nature  of  the  structure. 

The  first  step  in  determining  the  factor  of  safety  is  to  find  out 
what  loads  will  have  to  be  provided  for.  The  loads  include  the 
d^ad  loads,  or  the  weight  of  the  structure  itself;  and  the  live  loads, 
v.-hich  latter  may  be  static  loads,  or  moving  loads  that  may  or  may 
not  be  applied  suddenly,  or  with  impact.  Wind  loads  and  centri- 
fugal loads  would  also  come  under  this  heading.  As  the  amount 
of  the  loads  may  vary  between  wide  limits,  the  next  step  would 


28  ■  The  Tcchiwgraph. 

be  to  determine  for  the  given  case,  the  probable  maximum  load 
which  should  be  used  in  connection  with  the  ordinary  safe  work- 
ing stresses  and  safe  limits  of  deflection.  The  next  step  would  be 
to  determine  whether  or  not  still  larger  loads  would  be  possible  al- 
though improbable.  For  such  loads  the  ordinary  safe  working 
stresses  may  be  increased  25  per  cent.  For  improbable  but 
absolute  maximum  congested  loads  of  short  duration  only,  the 
safe  working  stresses  could  be  increased  50  per  cent,  provided 
the  stresses  still  remain  w'ell  within  the  elastic  limit  of  the  material. 
It  should  also  be  borne  in  mind  whether  or  not  any  future  use, 
that  the  building  might  be  put  to,  would  call  for  larger  loads  still. 
The  above  arrangement  is  perfectly  logical,  and  is  recommended 
b}-  Mr.  C.  C.  Schneider,  past  President  of  the  American  Society  of 
Civil  Engineers. 

The  second  item  that  enters  into  the  make  up  of  the  factor  of 
safety  is  consideration  of  tJie  nature  of  the  materials.  This  would 
include  the  range  of  strength  that  the  given  material  has  in  ten- 
sion, compression,  transverse  bending  and  shear,  the  modulus  of 
elasticity,  the  modulus  of  resilience,  the  elastic  limit,  the  coefficient 
Oi  expansion,  the  size  of  test  pieces  that  the  above  values  are  based 
upon,  the  percentage  of  moisture  of  timber,  and  its  influence  on 
its  strength,  the  quality  of  the  material,  and  the  influence  of 
probable  defects  such  as  knots  and  season  checks  in  timber,  blow- 
holes in  castings,  probable  inequalities  in  cement  and  steel  and 
deterioration  of  stone  due  to  influences  of  the  weather,  and  other 
seen  and  unseen  defects  that  are  likely  to  occur.  To  this  must  be 
added  the  consideration  of  the  liability  of  timber  to  rot,  and  of 
steel  and  iron  to  corrode  as  well  as  the  influences  of  intense  heat 
or  cold  if  probable. 

The  third  item  that  enters  into  the  make  up  of  the  factor  of 
safety  is  the  nature  of  the  structure,  whether  temporary  or  per- 
manent, important  or  unimportant,  and  the  possible  damage  that 
may  be  caused  by  failure,  and  whether  or  not  such  failure  may  oc- 
cur with  or  without  warning.  The  stififness  or  rigidity  of  the  struc- 
ture should  also  be  considered  as  an  element  equally  important 
as  that  of  the  strength.  Arrangements  should  be  made  that  cer- 
tain limits  of  deflection  are  not  exceeded,  and  it  should  be  seen 
that  such  deflections  do  not  produce  secondary  stresses  difficult 
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to  cott\pute,  and  also  that  the  lateral  stiffness  of  joists,  beams, 
girders  and  columns  is  properly  looked  after.  Scantness  in  the 
size  of  joists  and  timbers  and  probable  imperfections  in  workman- 
ship are  often  loaded  on  the  factor  of  safety. 

For  special  constructions  as,  for  example,  long  span  seg- 
mental hollow  tile  arches,  it  should  be  ascertained  whether  or  not 
tlie  factor  of  safety  is  based  upon  a  uniform  load  distributed  over 
the  whole  span  of  the  arch,  as  is  often  wrongfully  done,  or  whether 
it  is  based  upon  a  load  that  covers  half  the  span  only  as  the  worst 
probable  loading.  It  should  also  be  seen  that  the  tie  rods  are  not 
spaced  too  far  apart  or  perhaps  entirely  omitted. 

The  factor  of  safety  for  reinforced  concrete  is  furthermore 
loaded  with  the  inicertainties  dependent  upon  the  mixing  and  plac- 
b\g  of  the  materials.  The  ordinary  assumed  bending  moments  for 
continuous  slabs  and  girders  are  often  only  one  half  of  the  actual 
bending  moments  that  may  be  developed  by  special  loadings  cover- 
ing one  panel  at  a  time  and  larger  bending  moments  still  are 
often  cavised  by  very  small  uneven  settlements.  The  effect  of  the 
too  early  removal  of  the  forms  or  support  is  also  often  left  to  the 
factor  of  safety  to  take  care  of.  All  of  these  elements  are  general- 
ly loaded  on  the  factor  of  safety  which  too  often  is  taken  at  the 
lowest  possible  limit.  When  the  factor  of  safety  becomes  over- 
loaded a  failure  is  sure  to  occur,  and  when  it  does  occur,  it  often 
happens  that  nobody  is  able  to  locate  the  cause. 

We  will  thus  see  that  when  the  factor  of  safety,  or  the  ratio 
of  the  ultimate  stress  to  the  safe  stress  is  taken  to  be  say  4,  this  does 
not  by  any  means  mean  that  it  will  be  possible  to  put  4  times  the 
calculated  load  on  the  structure  before  failure  will  take  place,  as 
is  often  believed.  The  failure  will  undoubtedly  take  place  under 
much  smaller  loads.  Too  often,  the  factor  of  safetv  is  a  matter  of 
guesswork,  pure  and  simple.  Great  sums  of  money  are  annually 
wasted  by  an  improper  guess  at  this  factor,  and  on  the  other  side, 
a  number  of  buildings  are  standing  up  that  should  fall  down ;  the 
chances  are  that  such  buildings  may  be  standing,  because  they 
have  not  happened  to  have  received  the  loads  they  may  be  subject- 
ed to  at  any  time. 

There  is  a  great  need  for  the  establishment  of  a  more  rational 
method  for  taking  care  of  all  of  these  variable  elements,  so  as 
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to  be  able  to  design  safe  liuildings  with  a  minimum  amount  of  cost. 
The  following-  method,  embodied  in  tables  i  to  lo  inclusive, 
is  offered  for  consideration,  by  which  it  will  be  shown  clearly  how 
the  variable  elements  arc  provided  for,  and  also  what  elements 
should,  and  should  not,  be  included  in  the  selection  of  the  factor 
of  safety  proper : 

Table  I. 
Factor  of  Safety  for  Good  Ordinary    Buildings. 


The  Factor  of  Safety  is  the  sum  of  the  values  of  the 
separate  items  which  enter  into  the  make-up  of  the 
Factor  of  Safety.      These  items  and  their  values  are 
as  shown  below: 

Timber 

Wr. 

Iron 

or  Steel 

Cast 
Iron 

Ma- 
sonry 

Absolute   Minimum    Factor    of  Safety  to  be 
allowed    for    temporarN'  buildings   of    g-ood 
ordinar3'   Materials  and  Workmanship 

For  Permanent  Structures,  Add 

3 

2 

1 

1 
1 
1 

1 
1 

5 
1 

2 
2 
1 

1 

1 

8 
1 

3 
3 
2 

For  Important  Structures  where  great  dam- 
age maj'  result  from  failure.  Add 

If  failure  may  occur  without  warning,  Add.  . . . 

If  loads  are  only  approximatel3'  correct,  Add. . 

If  the  Timber  is  green  or  moist.  Add 

If   the   strength   of    timber    is     based    upon 
tests  of  small  size.  Add 

It  the  Timber  is  likel3'  to  rot,   if  the   Iron  or 
Steel    is  likely  to  corrode,   or  if  the  Stone 
is  likel3' to  deteriorated,   Add 

3 

If  the  Workmanship  is  second  class.  Add 

1 

1 
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Table  VI. 
Bond  and  Diagonal  Tension  in  Concrete. 


Bond  or  Adhesion 

Diagonal  Tension 

MATERIAL 

Ultimate 

Safe 

Ultimate 

Safe 

From 

To 

Av. 

From  1     To 

I 

Av. 

Plain  Bars  to  P.    C.  Concrete 

Twisted  Bars  to  P.  C.  Concrete 

Corrug-ated  Bars  to  P.  C.  Concrete. 
Tool  Steel  Bars  to  P.  C.  Concrete.  . 

Plain  Bars  to  Cinder  Concrete 

Portl.  Cement  to  Brick 

200 
250 
400 
100 

20 
15 
10 

300 
450 
600 
150 

60 
40 
20 

40 

90 

120 

30 

10 

7 
5 

Values    for 

diagonal 

tension 

obtained 

by    appl}'ing- 

the  formula 

Nat.            "         "       "       

\ 

Lime  Mortar     "       "       

'=\-i 

Concrete  1:3:6 

125 

200        75 

Table  VII. 
Safe  Bearing  Power  of  Soils. 


CHARACTER  OF  SOIL 


Pounds  Per  Square  Ft. 


From 


To 


Quicksand  or  Soft  Cla^' 

Ordinary  Claj' 

Sand  and  Cla3' 

Dry  Sand 

Dry    Clay 

Fine  Course  Sand 

Hard  Clay 

Fine  Course  Sand  and  Gravel 
Hard  Pan 


1000 

2000 

3000 

4000 

3000 

4000 

3500 

6000 

4000 

6000 

4000 

8000 

4500 

8000 

5000 

12000 

8000 

12000 
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Tabliv  VIII. 
Floor  Loads  for  Buildings  of  Ordinary  Construction. 


KIND  OF  BUILDING 


Plastered  Cellini's 

Shingle  Roofs,  Skylights 

Slate,  Tile  or  Flat  Gravel  Roofs 

Coun  try  Hou  ses 

Dwellings,  Residences,  Boarding  and  Lodg 
ing  Houses  

Apartment  and  Tenement  Houses. 

Hotels,  Office  Buildings,  Hospitals 

Schools,  Colleges  and  Dormitories 

Porches  and  Verandas 

Private  Stables  and  Carriage  Houses 

Ordinary  and  Department  Stores 

Tailor  Shops  and  Shops  for  Light  Work  — 

Churches  and  Theaters  with  Fixed  Seats. . 

Light  Manufacturing  Buildings 

Lobbies  and  Stairs  in  Public  Buildings 

Firescapes  and  Balconies  

Public  Libraries,  Armories,  Grand  Stands 

Floors  Stabierooms  for  large  Livery  Stables 

Furniture  and  other  light  Storage 

Light  Printing  Establishments  and  Foot- 
ways for  Highway  Bridges 

Court  Houses,  City  Halls.  Jails 

Assembly  Halls  without  fixed  seats.  Haylofts 

Dancehalls,  Drillhalls  and  Gymnasiums... 

Factories  for  heavy  work,  light  Warehouses 

Merchiinlile  Buildings 

Light  Machinery,  ordinary  Warehouses 

General  Teaming  with  Trucks 

Side  wal  ks 

Heavy  Storage,  Power  Houses,  Foundries.. 

Alley  Driveways 

Storage  of  Paper,  Heavy  Warehouses 

Heavy  Machinery,  Printing  Presses 

Horizontal  Wind  for  all  Buildings  more  than 
l'/4  X  the  width  in  height 


Dead  Load 


From       To 


10 
10 

15 

15 

15 
15 
15 
20 
15 
20 
20 
20 
20 
20 
20 
15 
20 
20 
20 

20 
20 
20 
20 
20 
20 
25 
20 

100 
30 

100 
30 
30 


15 
15 

25 
20 

20 

20 
20 

25 
20 

25 
25 
25 
25 
25 
25 
20 
25 
25 
25 

25 
25 
25 
25 
25 
25 
30 
30 

120 
40 

150 
40 
40 


Live  Load 


From   To 


0 

25 
25 
40 

40 

40 

50 

50 

70 

80 

80 

80 

80 

80 

80 

100 

100 

100 

100 

100 
100 
100 
120 
120 
150 
150 
200 
200 
200 
250 
300 
400 


10 

30 
30 
50 

60 

60 

70 

70 

90 

100 

100 

100 

100 

100 

100 

120 

120 

120 

120 

120 
120 
120 
150 
150 
200 
200 
250 
250 
400 
300 
500 
500 


Total  Load 


From    To 


10 

35 
40 

55 

60 

60 

65 

70 

85 

100 

100 

100 

100 

100 

100 

115 

120 

120 

120 

120 
120 
120 
140 
140 
170 
175 
220 
300 
230 
350 
330 
430 


25 
45 
55 
70 

80 

80 

90 

95 

110 

125 

125 

125 

125 

125 

125 

140 

145 

145 

145 

145 
145 
145 
175 
175 
225 
230 
280 
370 
440 
450 
540 
540 

25 
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Tx\ble:  IX. 
Spuciai,  Loads  and  Weights  of  Building  Materials. 


g^ 


(J^:! 


as 

O  3 


Heavy  Machinery  and  Heavy  Safes 

Heaviest  Portable  Safes 

Coal  Wagons 

Automobiles 

Ordinary  Safes  for  Offices 

"  "       "    Dwellings 

Cases  with  Drawers 

Book  Cases  for  each  foot  in  height 

Book  Cases,  f.e.  Ft.in  Ht.oneach  side  of  partition 

Pianos f ro  n  800  to 

Furniture  in  Dwellings,  maximum 

4"  Partition.  Stud,  plastered  2  sides 

6"  "  '■  "        '•    "      

Grain 

Hay 

Oats 

Snow,  freshly  fallen 

wet 

Plastering— Cement  Floor 

Asphalt  Flooring 

Tile  Flooring 

Terra  Cotta  Faslng,  hollow,  4"  thick 


Actual  Weight 

16000 

16000 

4000 

6000 

1500 

5000 

4000 

2000 

1500 

25  30 

25-30 

25-30 

50  60 

1200 

10 
15 
20 

20 
25  30 
25-30 


48 

18 

24 

12 

48 

90-110 

80  100 

140  160 

80  100 


Thickness  of  flat  Tile 

6" 

23-27 

7" 
25-30 

8" 
26  30 

9" 

27-33 

10" 
28-35 

12" 
30-40 

15" 
42-52 

16" 

Weight  per  ca.  ft. ...... 

42-52 

Thickness  of  Tile 

Partition 

Weight  pr.  Sq:tt 

2" 
10-12 

3" 
13-16 

4" 
15-18 

5" 
17-20 

6" 
20-24 

8" 
25-30 

Furr. 

7 

Tile 

2" 

8 

Thickness  of  Book  Tile 
Weight  per  Sq.  ft 

2" 
9-10 

2^" 
11-13 

3" 
13-17 

3^" 
15-18 

4" 
17-20 

WEIGHT  OF  A  CROWD  OF  PffiOPLK ;   EACH  PKBSON  WEIGHING  150  LBS,    [CREHORE] 


Distance  apart,  dr.— 
ctr 

12"     13"     14" 

15" 

16" 

17" 

18" 

19" 

20" 

21" 

22" 

23" 

24" 

Weight  pr.  Sq.  ft 

150    127 

110 

96 

84    75 

66 

59 

54 

49 

44. 
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Taui.iv  X. — Allowabliv  DeI'LECTiox  of  LIeams. 


Notes:— As  the  defloctiou  of  beams  periuanontly  loaded  inereases  with  time, 
beams  carrying  brick  walls  should  be  figured  stiffer  than  ordinary  floor  beams. 

The  heavier  the  floor,  the  greater  may  be  the  allowable  deflection,  as  a  heavy 
floor  is  better  able  to  resist  shocks  or  vibrations  than  a  lighter  one. 
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Table  i  is  based  upon  the  theory  that  definite  values  be  given 
tu  the  various  elements  that  enter  into  the  make  up  of  the  factor 
of  safetv.  Table  i  covers  variations  in  the  nature  of  the  structure 
and  in  the  nature  of  the  materials  insofar  as  they  are  not  covered 
by  tables  2  to  7.  For  a  given  case  the  various  items  on  table  i 
should  be  noted  and  the  values  of  the  various  items  added  to- 
gether. The  sum  of  these  items  will  then  give  the  factor  of  safety 
that  should  be  used  for  the  case  in  hand.  The  working  stresses 
can  then  be  obtained  by  dividing  the  ultimate  stress  by  the  factor 
of  safety  thus   found. 

For  ordinary  buildings  of  good  ordinary  materials  and  work- 
manship, the  following  factors  of  safety  will  be  obtained  from 
table  I  : 

For   timber from  4  to     6 

For  wr.   iron   and   steel from  3  to     4 

For  cast  iron from  6  to     8 

For  masonry from  8  to   12 

which  conforms  with  good  practice.  This  method  has  the  ad- 
ditional advantage  that  it  can  be  seen  at  once  what  the  factor  of 
safety  does  take  care  of.  Tables  2  to  7  will  cover  variations 
of  the  material  and  give  the  range  of  strength  that  could  be  ex- 
pected of  good  ordinary  materials  and  workmanship.  Inferior 
materials  will  come  below  the  lowest  limits  given  on  these  tables, 
and  superior  materials  will  come  above  the  highest  limits.  The 
safe  compressive  unit  stress  to  be  used  for  long  columns  should 
be  obtained  from  the  use  of  some  approved  column  formulae, 
which  also  should  take  care  of  possible  eccentric  applications  of  the 
load. 

The  safe  extreme  fiber  stress  for  long  narrow  beams  and 
girders,  including  plate  girders,  not  braced  sideways,  should  also 
be  obtained  from  some  approved  column  formulae.  In  this  manner 
the  lateral  strength  of  beams  is  provided  for. 

The  factors  of  safety  obtained  from  tables  i  and  2  will  hold 
good  for  the  probable  maximum  loads  that  the  structure  will  have 
to  carry.  Such  loads  are  given  on  table  8.  For  possible  but  im- 
probable loads  the  safe  working  stresses  could  be  increased  25 
per  cent.  For  possible  but  improbable  absolute  maximum  load  of 
short  duration  the  safe  working  stresses  could  be  increased  50  per 
cent,  provided  the  stresses  remain  well  within  the  elastic  limit  of 
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the  material.    This  will  take  care  of  concentrated  heavy  loads  and 
occasional  loads  applied  suddenly  or  with  impact. 

Smaller  loads  than  the  minimum,  given  on  table  8  should 
never  be  used,  even  for  cheap  buildings,  while  the  larger  loads 
will  unquestionably  give  first  class  buildings.  The  weights  of 
materials  are  given  on  tables  2,  3  and  4,  and  special  loads  that 
it  may  be  necessary  to  provide  for  are  shown  on  table  9. 

The  probability  that  all  parts  of  the  structure  \\\\\  receive  the 
full  amount  of  the  live  load  is  not  the  same.  Thus  a  joist  may 
very  likely  receive  the  full  live  load,  but  the  probability  that  a 
girder  will  receive  it  is  less,  and  the  probability  that  a  column  in 
the  lower  story  of  a  many  story  building  will  receive  it.  it  still  less, 
and  the  foundation  will  have  a  smaller  chance  than  any  other  part 
of  the  building  of  receiving  the  full  calculated  live  load  from  every 
square  foot  of  the  fioor  area  of  the  building.  It  is  customary  to 
allow  for  this  in  the  loading.  The  following  method  is  believed  to 
conform  with  good  practice : 

Figure  all  parts  of  the  building  for  the  full  dead  load. 

Figure  joists  and  beams  for  the  full  live  load. 

Figure  girders  for  85  to  90  per  cent  of  the  live  load. 

Figure  the  columns  supporting  the  roof  and  top  story  of  a 
building  for  the  full  live  load.  For  each  succeeding  story  below, 
make  a  reduction  of  5  per  cent  in  the  full  live  load  coming  on  the 
columns.  This  reduction  must,  however,  not  exceed  50  per  cent 
of  the  full  live  loads  for  a  many  story  building.  Figure  the  foun- 
dation for  one-third  of  the  full  live  load.  On  table  5  may  be  found 
the  safe  pressures  that  may  be  allowed  on  various  kinds  of  soils 
when  the  loads  are  calculated  as  outlined  above.  The  lower  values 
hold  good  for  such  poor  soils  as  those  found  in  Chicago.  Of 
course,  if  it  is  known  that  the  beams,  girders,  columns  and  foun- 
dations w^ill  have  to  carry  the  full  live  load,  they  should  be  figured 
strong  enough  to  carry  it  with  the  proper  factor  of  safety.  In  this 
manner  all  variations  in  the  load  are  provided  for. 

Finally  on  table  10  is  given  the  safe  allowable  deflecfions  for 
structures  of  various  kinds.  In  calculating  the  deflection,  the 
values  for  the  modulus  of  elasticity  given  on  tables  2  to  7  should 
be  used.  As  light  floors  may  vibrate  more  and  easier  than  hea^'-v 
floors,  a  smaller  deflection  is  allowed.  As  it  is  the  actual  curva- 
ture of  the  joists  more  than  the  actual  deflection  which  causes 


JViiisIozv — Struct iwal  Designs.  41 

cracks  in  plastered  ceilings,  such  joists  should  be  figured  for  cur- 
vature when  the  radius  of  curvature  becomes  small,  which  occurs 
for  short  spans. 

Very  short  beams  should  be  figured  for  shear  or  curvature ; 
beams  of  intermediate  spans  should  be  figured  for  transverse 
strength ;  and  beams  of  long  spans  should  be  figured  for  stiff- 
ness. Whether  a  beam  for  a  given  case  should  be  figured  for  one 
or  the  other  of  the  above  factors,  will  depend  much  on  the  safe 
working  stresses  used  as  well  as  on  the  deflection,  that  may  be 
allowed.  When  the  deflection  is  i -360th  of  the  span,  the  beam  uni- 
formly loaded,  the  beam  supported  at  both  ends,  the  modulus  of 
elasticity  and  the  safe  working  stresses  for  shear  and  bending  are 
as  given  on  table  3,  the  following  rules  will" be  valid  for  any  kind 
of  wood :  I 

1.  Calculate  for  shear  when  the  span  is  up  to  12  times  the 
depth  of  the  beam,  or  when  the  depth  of  the  beam  in  inches  is 
greater  than  the  span  of  the  beam  in  feet. 

2.  Calculate  for  transverse  strength  when  the  span  varies 
from  12  to  20  times  the  depth  of  the  beam. 

3.  Calculate  for  stifTness  when  the  span  is  greater  than  20 
times  the  depth  of  the  beam. 

Likewise,  steel  beams  should  be  figured  for  deflection  when 
the  depth  of  the  beam  in  inches,  is  less  than  twice  the  span  in  feet. 
Tables  11,  12  and  13  give  the  position  of  the  neutral  axis,  the  ef- 
fective depth  and  the  strength  of  reinforced  concrete  beams  and  gir- 
ders on  basis  of  the  formulae  established  by  Professor  Talbot.  These 
formulae  may  be  considered  as  the  most  scientific,  most  reliable 
thoroughly  up  to  date  and  practical  formulae  yet  devised,  as  they 
give  the  true  stresses  in  the  beam  for  all  stages  of  the  loading. 
They  can  be  adapted  for  any  factor  of  safety  for  strong  or  weak 
concrete,  for  beams  of  any  age,  and  for  beams  of  rectangular  or 
tee  section.  Certain  variations  must  be  made  if  the  steel  is  inserted 
m  the  top  side  of  the  beam.  Of  course,  covering  the  ground  in 
such  an  ef^cient  manner,  the  algebraic  expressions  cannot  be  so 
very  simple.  However,  when  put  in  a  diagramatic  form,  as  on 
table  II,  they  will  rival  even  the  straight  line  theory  in  practica- 
bility and  ease  of  application.  Professor  Talbot's  formulae  show 
just  how  reUable  the  straight  line  theory  is  for  safe  working 
stresses  and  how  verv  far  off  the  straight  line  theorv  is  for  ulti- 
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Table  XL — Position  of  Neutral  Axis  of  Reinforced  Concrete 

JJeams. 

Notes:— Tliis  (liiisrani  is  bnsod  upon  I'rofossor  Talbdfs  formulno  and  shows 
liow  tlio  location  of  neutral  axis  is  lowiTed  as  tli<>  percentajre  of  steel  as  well  as 
tlie  extreme  fiber  stress  of  concrete  in  coiupressio;!  is  increased. 
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Tai'.le;  XII. — Effective;  Depths  of  Reinforced  Concrete  Beams. 


AJotes:— This  rtiafrram  is  leased  on  Professor  Talbofs  formulae  and  sliows  liow 
tlie  effective  cleptli  decreases  as  tlie  percentage  of  steel  and  the  extreme  fiber  stress 
in  tlie  concrete  increase. 

When  the  safe  allowable  extreme  fiber  stress  in  compresssion  is  assumed  at 
650  pounds  per  square  inch,  the  stress  in  the  steel  will  be  as  shown  by  the  vertical 
Ijffures  across  the  curves. 
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Tabliv   XIII. — Strength   of   Reixkorced   Concrete   Beams. 


mate  loads.  It  shows  that  the  strength  Hne  theory  errs  on  the  safe 
side  for  safe  working  stresses  an  amount  of  from  5  to  6  per  cent 
only,  and  thus  gives  a  strong  argument  in  favor  of  the  generally 
accepted  methods  of  calculating  reinforced  concrete  slabs  and 
girders.  Of  course,  Professor  Talbot's  method  is  the  better  of  the 
two,  as  it  may  be  used  with  confidence  for  any  working  stress, 
either  safe  or  ultimate. 
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INDUCTION  MOTORS  IN  CONCATENATION. 


By  V.  L.  HoLLisTKR,  '07.  Electricai.  Engineering 


To  understand  the^  uses  and  advantages  of  the  special  con- 
nection of  two  or  more  induction  motors,  known  as  concatena- 
tion, it  is  necessary  to  consider  the  operating  characteristics  of 
such  machines  when  operated  as  single  units  for  the  production 
of  mechanical  power.  The  induction  motor  consists  of  two  wind- 
ings on  separate  iron  rings,  the  latter  form  the  magnetic  circuit 
and  are  mounted  so  that  one  revolves  within  the  other.  The  flux 
produced  by  the  coils  on  the  outer  iron  ring  pass  out  of  their 
original  ferric  path  across  the  air  gap  to  the  inner  ring  and  back 
through  the  gap  to  the  outer  ring.  Figure  la  shows  the  flux  in 
a  four  pole  motor.  The  dotted  lines  mark  the  lines  of  flux.  Those 
marked  A  and  B  are  produced  by  one  phase  of  an  alternating 
current,  while  C  and  D  are  produced  by  a  current  which  is  in 
time  90°  out  of  phase  with  the  first  current  as  represented  in 
figure  lb.  Taking  the  conditions  as  they  exist  at  the  instant  of 
time  marked  on  the  time  magnitude  curve  as  K  K,  the  fluxes  pro- 
duced by  A,  B,  C  and  D,  are  equal,  since  their  magnetizing  am- 
pere turns  are  equal ;  the  consequent  north  and  south  poles  pro- 
duced assume  the  positions  as  marked  N  and  S.  An  instant  later, 
marked  T  T  on  the  curve,  the  magnetization  marked  I',  producing 
C  and  D,  is  reduced  to  zero ;  the  current  I",  producing  A  and  B 
become  a  maximum,  and  the  consequent  poles  are  now  in  the  po- 
sition marked  N',  S'.  Following  this  operation  for  new  positions 
of  T  T,  as  time  advances,  the  poles  S  and  N  will  be  found  to 
travel  in  a  clockwise  direction.  Thus  electrically  we  can  produce 
a  revolving  magnetic  field,  it  only  remains  to  build  such  an  inner 
ring  that  will  be  forced  to  follow  the  rotating  magnetic  field. 

One  of  the  fundamental  laws  of  magnetism  and  electricity  is 
that  a  closed  electric  circuit  resists  any  force  that  tends  to  compel 
it  to  cut  a  magnetic  flux.  A  coil  of  wire  wound  on  the  inner  ring, 
when  the  latter  is  standing  still,  wovfld  cut  the  flux  from  each 
pole  as  it  passes.  According  to  the  above  law,  closing  the  elec- 
tric circuit  will  tend  to  stop  this  cutting  of  the  flux,  in  conse- 
quence, the  relative  speed  between  the  rotor  and  the  magnetic 
field  will  be  reduced,  or,  the  rotor  will  assume  almost  the  same 
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speed  as  the  magnetic  field.  Perfect  synchronism  between  the 
two  speeds  is  impossible  of  attainment,  however,  since  under  that 
condition  there  is  no  cutting  of  the  lines  of  Hux  bv  the  secondary 
conductors:  therefore  there  is  no  reaction  between  the  primar'v 
and  secondary  windings.  When  the  rotor  of  an  induction  motor 
IS  at  standstill  it  aflfects  its  primary  the  same  as  a  short  circuited 
secondary  of  a  transformer;  synchronous  speed  corresponds  to 
an  open  circuited  secondary  for  a  transformer.  A  motor,  when 
unloaded,  attains  nearly  to  synchronous  speed.  The  difference 
between  the  latter  and  the  actual  speed  is  just  sufficiem  to  pro- 
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duce  enough  electro  motive  force,  current,  and,  therefore,  reac- 
tion between  primary  and  secondary  to  overcome  the  resisting 
friction,  or  load.  This  condition  is  true  for  all  loads  for  which  the 
rotor  will  run,  and,  thus,  as  the  load  increases,  the  difiference  be- 
tween the  two  speeds  increases.  For  low  speeds  and  small  out- 
puts special  arrangements  are  necessary,  the  most  common  of 
which  is  the  introduction  of  resistance  into  the  secondary  circuit. 
Thereby  the  electro  motive  force  and  current  necessary  to  pro- 
duce the  magnetic  reaction  between  the  primary  and  secondary 
is  increased. 

Incidental  to  this  means  of  low^ering  the  speed,  however,  is 
a  very  low  efficiency,  obviously  a  very  unfavorable  characteristic 
for  an  electrical  machine.  Reduction  of  speed,  together  with  high 
efficiency,  is  the  scope  of  tandem,  or  concatenated  control  of  in- 
duction motors.  The  connection  consists  of  leading  the  wires 
from  the  secondary  of  the  first  machine  to  the  primary  of  motor 
number  two.     Figure  2  shows  the  connections  necessarv. 


Fig.  2. — Diagram  of  Connections  for  Two  Induction  ^Iotors. 


Assuming  that  the  first  machine  is  at  standstill  and  an  al- 
ternating current  is  applied  to  the  primary  windings,  from  a 
knowledge  of  transformer  action  it  is  easily  seen  that  an  alternat- 
ing current  is  induced  in  the  secondary  winding  ecjual  the  primary 
current  multiplied  b}-  the  ratio, 

Primary  turns. 

Secondary  turns 
and  it  can  also  be  seen  that  this  secondary  current  has  the  same  fre- 
quency as  the  primarv  current. 
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Consider  the  effect  produced  in  the  second  machine,  where 
the  voltage  impressed  is  the  original 

_^   ,  r   _.        Secondary  turns       .    ,       _  ,  . 

K.  Al.  r.x    -|=-^ 01  the  first  machme. 

rrnnary  turns 

The  current  is  equal  to  that  flowing  in  the  secondary  of  the  first 

machine.     Thus  the  first  motor  is  acting  only  as  transformer,  and 

if  the  secondary  of  motor  number  two  is  shortcircuited  we  shall 

expect  it  to  assume  full  speed. 

Xow.     turning     to     the     theory     of     the     rotating     field     of 

the    induction    motor,    with    the    secondary    of    the    first    machine 

clamped     stationary,      its      conductors     are      cut      alternately     by 

the     lines     of     flux     eminating     from     north     and     south     poles. 

These     poles     follow     each      other      in      succession,      any      one 

P 

ot     them     makinq'     a     complete     revolution     in    -, — ^  th      part 

fxt>0 

of    a    minute.     \\'herc  P  is  the  number  of    pairs  of    poles    and     f 

is  the  frequency  of  the  impressed  voltage.     Thus,  with  a  six  pole 

machine  and  a  frequency  of  60,  the    time    of    one    revolution    's 

3  1 

-— — T-       ,  .    .  th  part  of  a  minute,  or,  N,  the  speed,  is  equal  to  1200, 

this  being  the  speed  of  the  rotating  field. 

Let  it  be  assumed  that  the  secondary  of  the  machine  one  is  now 
released  and  is  allowed  to  assume  a  speed  of  300  revolutions  per 
minute.  It  now^  has  a  speed  of  1200  —  300  =  900  R.  P.  M.  relative 
to  the  rotating  flux.  Due  to  this  new  condition  the  frequency  im- 
pressed   on    the    second  motor  has  changed  and  is ;=  7:5% 

120C 

of  its  former  value,  or,  45  periods  per  second.  The  speed  of  the 
second  machine,  dependent  on  the  frequency  impressed,  has 
changed  and  is 

-,,       fx6o        4t;x6o 

N  = — ^r-  ~  -^^ =  .000 

P  3 

Thus,  we  see  that  speeds  of  the  two  machines  are  inversely  pro- 
portional and  that  the  sum  of  the  two  speeds  is  equal  to  a  con- 
stant, in  this  case — 300-1-900:=  1200,  neglecting  slip. 

It  may  be  readily  seen  that  by  controlling  the  speed  of  the 
first  motor  by  a  brake,  or  otherwise,  the  speed,  of  the  second  ma- 
chine mav  be  controlled  through  a  wide  ranse. 
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The  most  apparent  drawback  to  this  method  of  speed  control 
is  the  large  amount  of  turning  effort  exerted  by  the  secondary  of 
the  first  motor  which  must  be  overcome  by  a  brake,  or  other  con- 
trivance. A  natural  means  of  applying  a  brake  to  the  secondary 
of  the  first  motor  in  order  to  vary  its  speed  is  at  once  suggested, 
viz.,  by  placing  a  belt  load  on  its  pulley,  driving  a  generator,  or 
other  load.  Then,  by  varying  the  load  so  applied,  the  speed  of  the 
first  motor  may  be  varied,  and  inversely  to  such  variation  will  the 
speed  of  the  second  motor  be  changed. 

The  factor  entering  into  this  operation  which  prohibits  the 
low  speeds  of  motor  number  two  as  well  as  the  high  speeds  of 
motor  number  one  is  the  voltage.    From  the  equation  of  E.  M.  F. 

$Nn 

for  a  group  of  n  conductors  cutting  a  magnetic- fiux  $,  E= ^ 

it  is  seen  that  the  induced  pressure  is  proportional  to  the  speed 
N,  or  to  the  rate  and  number  of  times  the  conductors  cut  such 
field.  With  a  revolving  field  the  conductors  cutting  the  flux  will 
have  the  greater  E.  M.  F.  induced  in  them  when  moving  at  the 
greatest  relative  speed  to  the  field,  or  when  they  have  an  absolute 
speed  of  zero.  Thus,  with  the  first  secondary  at  standstill  we 
have  a  maximum  voltage  impressed  on  the  second  primary,  and 
with  first  machine  at,  or  near,  synchronism,  the  voltage  impressed 
on  the  second  primary  will  be  very  small. 

From  the  foregoing  it  is  seen  that,  if  the  rotating  conductors 
have  no  speed  relative  to  the  revolving  magnetic  field,  there  is 
no  E.  INI.  F.  generated  in  the  secondary,  since  there  is  no  cutting 
cf  the  lines  of  force.  Therefore,  under  these  conditions,  there  is 
no  current  flowing  in  the  secondary ;  there  is  no  reaction  between 
the  secondary  and  the  field,  and  the  former  tends  to  slow  down. 
The  condition  of  smaller  secondary  speed  thus  produced  gives  a 
relative  speed  between  the  magnetic  field  and  the  secondary, 
causing,  thereby,  a  cutting  of  the  flux,  an  E.  M.  F.,  and  a  current 
in  the  secondary.  The  resulting  magnetic  reaction  between  the 
rotating  magnetic  field  and  the  secondary  compels  the  latter  to 
follow  the  former  more  closely.  Following  out  these  operations 
it  is  seen  that  a  load  on  the  secondary  compels  it  to  slow  down, 
therefore  a  greater  current  is  necessary  to  produce  the  required 
magnetic  reaction  between  the  secondary  and  the  revolving  field, 
and  therefore  greater  cutting  of  lines  by  the  secondary  conduc- 

4—1.  u. 


50 


The  Tcchnograph. 


tors  to  produce  the  larger  E.  ]M.  F.  and  current  in  the  secondary, 
therefore  greater  relative  speeds  between  the  field  and  secondary 
are  found.    This  relative  speed  is  called  slip. 


Fig.   3. — Curves  Showing  Rel.\tion  of   Speed  to  Torque  for 
Different  Resistances. 


Practical  Application. — A  railway  operating  on  fairly  steep 
grades  is  supplied  a  three  phase  current  at  high  voltage.  It  is 
decided  to  use  induction  motors  on  the  cars,  one  on  each  truck. 
The  question  of  control  involves  the  simple  insertion  of  resistance 
into  the  secondary  circuit,  or  tandem  connections.  We  will  com- 
pare the  operating  characteristics  of  the  two  systems. 

Let  the  car  be  equipped  with  an  arrangement  to  control  the 
resistance  of  the  secondary  circuits  of  each  motor.  The  curves 
of  speed  and  torque  are  given  in  figure  3  for  three  different  re- 
sistances in  the  rotor  circuit,  a,  shows  the  speed  torque  curve  for 
a  very  low  resistance,  practically  that  of  the  machine  itself;  b, 
shows  a  curve  for  the  same  motor  with  about  twice  the  resistance 
used  as  for  curve  a ;  c  is  a  similar  curve  for  sufficient  resistance 
inserted  to  produce  maximum  torque  at  standstill.  It  would  seem 
as  if  with  sufficient  steps  on  the  controller  this  method  of  control 
would  be  an  ideal  one — satisfactory  in  range  and  uncostly.  The 
statement  made  above  that  the  efftciency  is  extremely  low  at  re- 
duced speeds — applies  here  imperatively ;  in  fact,  prohibits  its  use. 
The  greater  the  resistance  in  the  secondary  circuit  the  greater  the 
losses,  and  the  efficiency  fall  of?  in  proportion  to  the  speed.  If 
the  point  n  on  the  curve  represents  a  point  of  operation  at  90% 
efficiency,  then  ,?  probably  represents  1-5  of  such  efficiency,  or  less 
than  20%. 

If  the  motors  were  arranged  for  concatenation  the  primary 
of  the  first  machine  be  connected  to  the  supply  inains ;  its  second- 
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ary  would  supply  the  primary  of  the  second  motor ;  and  the  sec- 
ondary of  the  latter  machine  would  be  arranged  so  that  different 
resistances  could  be  inserted.  Several  steps  on  the  controller 
would  give  a  fine  control  of  the  speed  of  the  motors  up  to  one- 
half  synchronism.  The  efficiency  throughout  this  range  of  speed 
would  vary  from  65  to  85  per  cent.  From  half  synchronism  to  full 
speed  the  control  must  be  by  insertion  of  resistance  in  the  rotor 
of  each  machine,  the  primaries  being  in  parallel  across  the  mains. 
By  the  above  method  the  efficiency  may  be  kept  high  and  excel- 
lent control  attained. 

One  advantage  of  the  service  assumed  above,  i.  e.,  steep 
grades,  is  its  braking  action  when  forced  above  synchronism  as 
a  single  motor,  or  above  half  synchronism  for  the  concatenated 
couple.  At  such  times  the  motors  become  asynchronous  generators, 
supplying  current  to  the  line. 
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SO.ME  CAUSES  OP  VIBRATION  IN   STEAM  TURBINES. 


By  Kenneth  G.  Smith,  "05,  [Mechanical  Engineering. 


The  development  of  the  direct  connected  steam  turbine  has 
made  the  question  of  high  speed  machinery  an  important  one.  And 
one  of  the  most  trying  problems  which  confronts  the  builder  of  such 
machinery  is  that  of  vibration.  The  writer  has  been  actively  engaged 
during  the  past  eighteen  months  in  the  building  of  steam  turbines 
direct  connected  to  fans,  generators  and  pumps  and  the  following 
observations  are  chiefly  drawn  from  personal  experience. 

The  leading  causes  of  turbine  vibration  may  be  set  down  as 
follows : 

I. — Critical  speeds, 
-Faulty  balancing, 
-Faulty   alignment. 
-Faulty   lubrication, 
. — Uneven  steam  action, 

-Individual  peculiarities  of  a  machine  coming  under  any 
or  all  of  the  above  classes. 
The    mathematical    analysis    of   the    subject   of   balancing   and 
critical  speeds  would  be  out  of  place  in  an  article  of  this  character 
and  will  be  but  briefly  touched  upon. 

In  the  first  place  it  must  be  noted  that  there  are  certain  speeds 
at  which  the  rotor  of  the  turbine  or  generator  will  vibrate  no  mat- 
ter how  perfectly  balanced  it  may  be.  Above  or  below  these  speeds 
the  rotor  never  can  be  (owing  to  its  own  weight  if  nothing  else)  on 
the  true  geometric  axis  of  rotation.  This  being  the  case  the  center 
of  gravity  describes  a  small  circle  and  the  rotor  is  acted  upon  by  a 
centrifugal  force  which  tends  to  deflect  the  center  of  gravity  more 
and  more  from  the  true  axis  of  rotation.  This  goes  on  until  the 
stresses  in  the  shaft  due  to  bending,  just  balance  the  centrifugal 
force.     This  is  the  critical  speed. 

Foster  in  his  book  on  Steam  Turbines  and  Turbo  Compressors 
shows  by  a  very  siiYiple  demonstration  that  this  speed  exactly  cor- 
responds with  the   frequency  of  transverse  vibration  of  the  rotor. 
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Let  W  =  Weight  of  rotor  in  pounds, 

U  =  Deflection  of  center  of  gravity  from  geometric  axis 

in  feet, 
N  =  Revolutions  per  second, 

F  =.  Force  which  will  bend  shaft  one  foot  at  center  of 
gravity, 
Then  the  center  of  gravity  describes  a  small  circle  of  radius  U  with 

a  linear  velocitv  in '- —     V  =;  27rNU 

sec. 

The  force  in  the  rotor  tending  to  prevent  bending  is  proportional  to 

the  deflection  and  therefore  equal  to  FU.     At  the  critical  speed,  as 

stated,  this  is  equal  to  the  centrifugal  force  so  that 

W       Y- 

g       U 


W 


4  7r-X^U  =  FU 


1  /  Fo- 

1    IT  \         W 

If  the  rotor  were  vibrating  transversely  like  a  string  or  wire  at  the 
instant  of  passing  through  the  axis  the  kinetic  energy  stored  in  the 
rotor  would  be 

WV-  _   4  TT-N-U-W 
2g      ~  2^ 

This  kinetic  energy  is  equal  to  the  work  done  in  bending  the  shaft 
thru  a  distance  U. 
and   therefore 


4  7r-N-UnV  ^^.  U 


2 


and 


1  I   Fg 

N  = ^/  — '^—  as  before 

2  TT    \       w 


At  this  critical  speed  we  may  conceive  of  the  shaft  as  being  bow 
shaped  and  revolving  like  a  skipping  rope  held  at  the  ends.  This 
is  the  first  critical  speed.  Other  higher  critical  speeds  occur  at 
which  the  shaft  vibrates  in  two,  three,  four  or  more  loops  varying 
with  the  disposition  of  the  loads. 

Foster  shows  further  that  as  the  deflection  is  proportional  to 
the  cube  of  the  length  and  the  critical  speed  inversely  proportional 
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to  the  square  root  of  the  deflection,  we  may  say  that  the  critical  speed 
is  proportional  to  the  ^  power  of  the  length.     If  the  shaft  vibrates  in 

several  loops  the  length,  L  mav  be  L,  — and  the  critical 

^  ^  '  2345 

speeds  in  the  ratios  i,  2.7,  5.2,  8.0,  ii.o 

Returning  to  the  formula  for  the  critical  speed,  if  we  wish  to 

express  N  in  r.  p.  m.  we  have 

2ir  A    W 

or  N  =   54.2  J^ 
\   w 

'  If  we  represent  the  deflection  of  the  shaft  at  the  center  of  gravity 

by  U  then 

F    _J_ 

and  N   =  54.2  J  ^ 

This  formula  may  be  used  for  finding  the  critical  speed  of  a  shaft 

loaded  with  several  wheels  provided  we  take  U  as  the  sum  of  the 

deflections  caused  by  each  individual  wheel  at  its  point  of  support. 

An  actual  application  of  this  formula  may  be  of  interest.     A 

turbine  with  an  unusually  long  shaft  carried  eight  wheels,  the  sum 

of  the  several  deflections  being  approximately  ]/%". 

54  '^ 
N   =  £1^  =   152.8  r.  p.m. 
1  ^ 

2.82    • 
This  turbine  showed  violent  vibration  at  200  r.  p.  m. 

Under  practical  conditions  turbines  are  run  as  far  from  critical 
speeds  as  possible.  As  a  general  rule  the  reaction  turbines  with  their 
small  radial  clearances  must  be  run  below  their  critical  speeds  as 
the  vibration  at  the  critical  speed  would  cause  the  rotor  to  strike 
the  casing.  Impulse  turbines  in  which  the  radial  clearances  are 
large  may  be  and  usually  are  run  beyond  the  critical  speed  as  the 
momentary  vibration  at  that  particular  point  does  no  harm. 

The  subject  of  the  critical  speed,  however,  is  one  more  par- 
ticularly for  the  designer  than  for  the  builder,  whereas  the  other 
causes  of  vibration  enumerated  must  be  eliminated  so  far  as  pos- 
sible by  the  builder. 

The  matter  of  balancing  is  of  paramount  importance.     Thin 
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disks  may  be  given  a  static  balance  separately  on  a  mandrel.  This 
is  rolled  on  hardened  knife  edges  and  metal  is  filed  away  on  the 
heavy  side  until  the  disk  balances.  Thin  disks  may  be  balanced  in 
this  way  but  a  heavy  rotor  must  be  given  a  rotative  as  well  as  a 
static  balance.  In  doing  this  the  rotor  is  rapidly  whirled  and  a 
piece  of  chalk  held  near  it  while  running.  The  side  of  the  shaft 
which  throws  out  is  marked.  This  point  is  usually  from  60°  to  90° 
ahead  of  the  actual  heavy  spot  and  at  very  high  speeds  even  farther 
ahead. 

When  disks  have  been  perfectly  balanced  statically  it  by  no 
means  follows  that  they  will  run  in  perfect  balance.  Owing  to 
change  of  form  caused  by  heating,  a  disk  will  sometimes  cause  a  bad 
vibration  after  the  turbine  has  been  run  for  a  time.  Such  troubles 
can  only  be  remedied  by  rebalancing.  One  firm  makes  a  practice 
of  running  its  turbines  and  then  rebalancing  the  disks.  In  one  case 
which  came  under  the  writer's  notice,  the  individual  disks  were  in 
apparently  perfect  balance  whereas  the  whole  rotor  would  vibrate' 
periodically.  This  trouble  was  remedied  by  interchanging  two 
disks.  Vibration  caused  by  faulty  balancing  may  be  distinguished 
by  the  heavy  jar  communicated  to  casing,  bed  plate  and  foundation, 
which  grows  worse  and  worse  as  the  speed  increases. 

If  in  the  case  of  direct  coupling  either  turbine  or  generator  is 
slightly  out  of  balance  the  vibration  may  increase  and  decrease  in 
well  defined  periods  sometimes  with  an  unpleasant  humming  noise, 
the  periods  becoming  shorter  and  shorter  as  the  speed  increases 
until  both  series  merge  into  one  continuous  jar. 

Another  cause  of  vibration  is  that  of  poor  alignment  either  in 
the  machine  itself,  or  if  coupled  direct,  between  the  turbine  and  the 
driven  machine.  This  is  not  so  simple  a  matter  as  it  would  seem 
at  first  thought  for  several  reasons.  Two  shafts  in  perfect  align- 
ment when  standing  very  often  will  not  be  so  when  rotating  at  a 
speed  of  3000  r.  p.  m.  Allowances  also  must  be  made  for  heat  ex- 
pansion so  that  two  machines  cannot  be  in  alignment  when  cold 
if  they  are  to  be  in  line  under  operating  conditions.  Such  things  as 
warped  bed  plates,  settling  foundations,  etc.,  also  occur.  Two  com- 
panies, the  DeLaval  and  the  General  Electric,  use  a  flexible  coupling 
to  avoid  troubles  of  this  kind.  Poor  alignment  in  the  machine  it- 
self, that  is  a  warped  or  crooked  shaft  is  apparent  at  once  by  a  loud 
humming  noise  and  a  jar  though  not  so  heavy  as  that  caused  by  an 
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iHil)al;uiced  rotor.  Very  often  this  vibration  occurs  in  distinct 
periods,  the  shaft  apparently  lifting-  and  rolling  in  its  bearing.  If 
shafts  are  turned  to  size  drilled  and  placed  at  once  in  the  turbine, 
springing  due  to  the  heating  by  the  steam  is  almost  certain  to  occur. 
To  avoid  this  difficulty,  the  shafts  are  turned,  heated  for  a  time, 
drilled  or  keyseated  and  then  turned  to  size  and  finished.  Some- 
times more  than  one  heating  is  necessary.  A  shaft  so  little  out  of 
true  that  it  apparently  runs  perfectly  at  1200  r.  p.  m.,  will  make 
trouble  at  speeds  from  1800  to  3600  r.  p.  m.  The  point  at  which  a 
crooked  shaft  begins  to  vibrate  is  usually  very  marked  and  from 
that  point  on  the  vibration  increases  with  the  speed. 

Vibration  from  faulty  lubrication  does  not  cause  a  heavy  jar 
or  humming  noise.  It  may  be  felt  as  a  peculiar  shiver  running 
through  the  machine,  chiefly  in  the  shaft  and  bearings  of  course. 
Such  vibration  when  marked  and  continuous  is  usually  the  precursor 
of  a  hot  bearing  unless  the  trouble  is  remedied.  Slight  vibra- 
tions of  this  kind  are  often  present  in  a  new  machine  and  gradually 
die  away  as  the  bearings  and  shaft  settle  into  place.  If  they  do  not, 
examination  of  the  bearings  will  usually  show  high  spots  or  other 
marks  of  poor  lubrication.  Poor  oil  or  oil  too  light  for  the  heat  or 
pressure  will  cause  the  same  trouble. 

Two  or  three  instances  of  vibration  apparently  caused  by  un- 
even steam  action  have  come  to  the  writer's  notice.  In  all  cases 
the  vibration  of  the  shaft  was  endwise  and  not  transverse.  On  ex- 
amining the  turbine  it  was  found  that  some  of  the  buckets  not  being 
exactly  in  line  with  the  impinging  jet  caused  a  rapidly  alternating 
end  thrust  as  the  rotor  came  up  to  speed.  This  vibration  was  much 
more  marked  at  low  than  at  high  speeds. 

The  remedy  for  the  vibration  is  naturally  suggested  by  the 
cause,  but  it  must  not  be  supposed  that  these  various  causes  are  in- 
dependent of  each  other.  In  fact  vibration  will  be  found  due  to  several 
of  these  causes  acting  together ;  for  instance,  faulty  alignment  may 
cause  poor  lubrication  and  vibration  arise  from  the  two  causes.  It 
may  be  added  too  that  when  vibration  begins,  poor  lubrication  fol- 
lows as  the  oil  film  on  the  shaft  is  broken  and  it  no  longer  floats 
smoothly  in  the  bearing. 

The  problem  is  at  best  a  pfreplexing  one  and  the  high  speed 
engineer  and  turbine  builder  must  constantly  bear  in  mind  the  fact 
that  matters  considered  of  small  moment  at  speeds  of  qoo-i20o  be- 
come of  vastly  greater  import  at  speeds  of  2400  and  upwards. 
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THE   ROAD   MATERIALS    TESTING   LABORATORY   OF 
THE  UNIVERSITY  OF  ILLINOIS. 


By  L.  G.  Parker,  Instructor  ix  Civil  Engineering. 


Although  the  construction  of  improved  roads  date  back  to  very 
ancient  times,  no  scientific  study  of  road  construction  was  made 
until  about  the  middle  of  the  last  century. 

The  French  were  the  first  to  make  a  systematic  study  of  road 
construction.  Beginning  in  1865  they  studied  very  carefully  stone 
roads  to  determine  the  wearing  value  of  different  kinds  of  stone,  the 
relation  between  the  wear  and  the  amount  of  traffic,  the  effect  of  the 
weather,  and  the  effect  of  various  foundations  on  different  soils. These 
These  observations  were  made  on  the  material  in  the  road,  and  were 
of  great  value  in  choosing  stone  for  subsequent  road  construction'. 
Necessarily  the  observations  required  considerable  time  and  were 
very  expensive.  Some  preliminary  laboratory  tests  were  made  along 
with  the  field  observations,  and  the  comparison  of  the  two  proved 
the  value  of  the  former,  the  laboratory  tests,  requiring  shorter  time 
and  smaller  expense  to  determine  certain  road  building  qualities  of 
tlie  stone.  The  chief  advantage  of  the  laboratory  tests  was  that  they 
made  it  possible  to  determine  beforehand  some  of  the  road-building 
qualities  of  a  stone. 

In  1878  the  French  Commission  of  National  Roads  established 
a  road  laboratory  in  which  mechanical  tests  of  road  material  were 
made  with  machines  designed  especially  for  that  purpose.  These 
machines  were  on  exhibition  during  that  year  at  the  Paris  Ex- 
position. 

Tests  of  road  materials  were  first  made  in  this  country  by  the 
]\Iassachusetts  Highway  Commission  when  it  established  its  road 
laboratory  in  1893.  Since  then  laboratories  have  been  established 
by  the  Maryland  Geological  Survey,  by  the  United  States  Depart- 
ment of  Agriculture,  and  also  by  several  universities  throughout  tne 
United  States. 

The  Road  Materials  Testing  Laboratory  of  the  L'^niversitv  of 
Illinois  is  a  part  of  the  Engineering  Experiment  Station  which  was 
established  December  8.  1903,  by  an  act  of  the  Board  of  Trustees. 
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Although  the  testing  machines  had  been  on  hand  for  some  time,  for 
lack  of  a  room  they  were  not  set  up  until  January,  1906.  The  ma- 
chines were  first  set  up  in  a  basement  room  of  the  Electrical  Building 
but  were  moved  in  September,  1906,  to  the  north  bay  of  the  Steam 
Laboratory.  It  was  not  until  December,  1906,  however  that  the 
Road  Laboratory  was  fully  equipped  for  making  the  complete  me- 
chanical tests  of  road  building  materials. 

The  Road  Laboratory  was  established  at  the  University  of  Illi- 
nois for  the  purpose  of  investigating  the  road  building  materials 
of  this  state  and  to  determine  if  possible  new  methods  of  making 
tests  which  will  represent  more  accurately  the  action  which  mate- 
rials undergo  when  actuallv  used  in  roads. 

The  laboratory  equipment  is  about  the  same  as  that  of  the 
L'nited  States  Department  of  Agriculture,  and  consists  of  scales  and 
balances,  abrasion  and  impact  machines,  stone  crusher,  ball  mill, 
hydraulic  press,  core  drill,  polishing  disc,  and  brick  rattlers,  The 
power  is  supplied  by  one  2H  p  and  one  io-h.  p.  inducttion  motor. 
The  arrangement  of  the  equipment  is  shown  in  Plates  I.  and  II. 

The  road  building  material  upon  which  tests  are  made  are  the 
\arious  kinds  of  stone,  gravel,  and  paving  brick.  Each  kind  of  ma- 
terial requires  a  separate  set  of  tests. 

Tests  of  Broken  Stone. — To  judge  of  the  road  building  qualities 
of  a  stone,  tests  are  made  to  determine  its  resistance  to  abrasion, 
its  hardness,  its  toughness,  its  cementing  qualities,  its  specific  grav- 
ity, and  its  absorbing  power. 

The  dust  which  wears  from  the  stone  used  in  the  construction 
of  broken  stone  roads  has  been  found  to  play  a  very  important  part 
in  the  maintenance  of  the  road  on  account  of  the  cementing  or  build- 
ing power  of  this  dust.  The  dust  holds  in  place  the  stones  which 
form  the  surface  of  the  road  and  also  aid  in  producing  a  smooth 
surface.  Except  for  the  cementing  power  of  the  stone  dust,  stone 
roads  would  "ravel,"  that  is  the  material  would  be  easily  displaced 
by  traffic.  New  broken  stone  roads  require  the  addition  of  stone 
screenings  to  act  as  the  binding  material,  but  after  the  road  has 
been  in  use  for  some  time  the  binding  material  is  supplied  by  the 
wear  of  the  stones  in  the  upper  surface  of  the  road.  Those  stones 
which  show  very  low  recementing  values  make  a  poor  material  for 
a  road  surface.  The  cementation  test  is  made  for  the  purpose  of  de- 
termining the  recementing  values  of  stone,  and  although  the  results 
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obtained  are  very  variable  the  test  is  considered  a  very  important  one. 

The  specific  gravity  of  a  stone  is  determined  for  the  purpose 
of  obtaining  its  weight  per  cubic  foot.  The  amount  of  water  ab- 
sorbed gives  some  indication  of  what  the  action  of  the  weather  will 
be  upon  the  stone,  but  as  a  matter  of  fact  this  action  is  usually  small 
in  stones  which  are  likely  to  be  used  in  road  construction. 

]Most  of  the  laboratory  tests  of  road  building  materials  are  of 
an  empirical  nature,  and  are  of  value  only  in  giving  comparative 
results.  Whether  or  not  a  stone  will  give  good  results  when  used 
in  a  road  may  be  determined  by  comparing  thcxresults  of  its  labor- 
atory tests  with  the  same  tests  on  a  similar  stone  whose  qualities 
have  been  established  by  actual  use  in  road  construction. 

The  abrasiod  test  is  made  with  a  Deval  machine  which  consists 
of  a  set  of  two  or  four  cast-iron  cylinders  20  cm.  in  diameter  and 
34  cm.  deep  closed  at  one  end  and  having  a  tight  fitting  iron  cover 
at  the  other.  These  cylinders  are  mounted  on  a  bent  horizontal 
shaft  in  such  a  way  that  the  axis  of  the  cylinders  make  angles  of 
30  degrees  with  the  axis  of  rotation  of  the  shaft.  The  machine  is 
shown  in  the  middle  background  of  Plate  I,  page.  .. 

The  stone  to  be  tested  is  broken  into  sizes  as  nearly  uniform 
as  possible  so  that  the  stone  will  pass  through  a  2!/^  inch  ring  but 
will  not  pass  through  a  ii/4  inch  ring.  These  pieces  are  cleansed 
and  dried,  and  then  about  50  of  them  weighing  5000  grams  are 
carefully  weighed  and  placed  in  a  cylinder  of  the  abrasion  ma- 
chine. The  rotation  of  the  shaft  causes  the  pieces  of  stone  to  be 
thrown  from  end  to  end  of  the  cylinder  thus  causing  them  to  be 
worn  away.  The  cylinders  are  caused  to  rotate  for  five  hours  at  the 
rate  of  2000  revolutions  per  hour.  At  the  end  of  10,000  revolutions 
the  stone  is  removed,  and  all  pieces  above  1-16  inch  diameter  are 
washed,  dried,  and  weighed.  This  weight  subtracted  from  the  orig- 
inal 5000  grams  gives  the  amount  of  detritvis,  and  the  percentage 
of  the  detritus  represents  the  per  cent  of  wear  of  the  stone.  The 
French  coefficient  of  wear  is  also  computed,  its  value  being  400  -i-  \V 
where  W  is  the  weight  in  grams  of  the  detritus  per  1000  grams  of 
the  stone  tested.  Not  many  kinds  of  stone  wear  more  than  20  per 
cent  when  tested  in  the  abrasion  machine,  while  the  best  road  build- 
ing stones  do  not  wear  as  much  as  10  per  cent. 

The   hardness   test  is   made   with   the   Dorrev   machine   which 
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consists  essentially  of  a  cast  iron  disc  about  80  cm.  in  diameter 
mounted  so  as  to  rotate  in  a  horizontal  plane.  It  is  shown  in  the 
forcg-round  at  the  left  of  Plate  I.  Clamps  are  arranged  so  that  two 
specimens  can  be  held  against  the  grinding  disc  at  distances  of  26 
cm.  from  its  center.  A  specimen  consists  of  a  cylindrical  core  of 
stone  25  mm.  in  diameter  cut  by  means  of  a  diamond  drill.  A  com- 
mon drill  press  fitted  with  a  diamond  drill  is  shown  in  the  center  of 
Plate  I.  The  specimen  is  weighed  and  its  length  determined,  and 
then  it  is  placed  in  the  machine  so  that  one  of  its  ends  rests  upon 
the  disc  and  it  is  weighted  in  such  a  way  that  it  has  upon  it  a  pres- 
sure of  250  grams  per  square  centimeter.  The  disc  is  caused  to  ro- 
tate through  1000  revolutions  at  the  rate  of  2000  revolutions  per 
hour,  and  during  that  time  there  is  fed  upon  the  disc  one  liter  of 
crushed  quartzite  rock,  screened  to  a  size  between  one  and  two  milli- 
meters, with  enough  water  to  keep  the  quartzite  wet.  At  the  end 
of  the  1000  revolutions  the  cores  are  removed  from  the  machine 
and  again  weighed  and  measured.  Next  the  cores  are  turned  other 
end  down  in  the  machine  and  the  above  operations  are  repeated. 
After  the  grinding  has  been  completed  the  average  amount  of  wear 
per  1000  revolutions  is  determined  for  each  specimen.  This  wear 
in  millimeters  of  length  subtracted  from  20  gives  the  coefficient  of 
hardness  used  at  the  United  States  Government  Road  Laboratory. 
Good  road  building  stone  should  not  have  coefficients  of  hardness 
less  than  5. 

The  toughness  test  is  made  by  placing  a  core  of  25  mm.  diam- 
eeter  and  25  mm.  length  under  a  2  kg.  hammer  which  is  caused  to 
fall  from  different  heights  beginning  with  one  centimeter  and  in- 
creasing by  one  centimeter  for  each  blow  until  the  specimen  breaks. 
The  number  of  blows  required  to  break  the  specimen  represents  its 
toughness.  A  specimen  from  a  good  stone  should  not  break  with 
loss  than  5  blows. 

The  cementation  test  is  made  as  follows :  The  stone  to  be 
tested  is  passed  through  a  crusher  and  broken  into  pieces  varying 
in  size  from  one  to  five  millimeters.  Five  hundred  to  1000  grams  of 
this  material  is  then  placed  in  the  ball  mill  (shown  to  the  right  of 
the  drill  press  in  Plate  I)  which  consists  of  a  cast-iron  shell  mounted 
on  a  horizontal  shaft  and  having  two  20  pound  balls  in  the  shell 
running  one  behind  the  other  in  such  a  way  that  the  material  placed 
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in  the  mill  is  pulverized  by  the  balls.  The  material  is  ground  in  this 
way  during  the  time  that  the  shell  is  turned  through  5000  revolu- 
tions at  the  rate  of  2000  revolutions  per  hour.  After  the  grinding 
has  been  completed  the  material  is  removed  from  the  mill  and  mixed 
with  about  180  cc.  of  water  per  1000  grams  of  stone  dust,  for  a 
period  of  about  10  minutes.  The  mixture  is  then  placed  in  a  tightly 
closed  jar  and  allowed  to  stand  12  hours  after  which  it  is  moulded 
into  briquettes  25  mm.  in  diameter  and  25  mm.  long.  These  bri- 
quettes are  made  by  placing  the  material  in  a  steel  die  and  compress- 
ing it  with  a  plunger  which  is  forced  into  the  die  by  a  hydraulic 
pressure  of  100  kg.  per  square  centimeter.    The  press  used  is  shown 

in  the  background  at  the  left  of  Plate  II  page Five  briquettes 

constitute  a  set  and  after  they  have  been  made  they  are  allowed  to 
dry  in  the  air  for  12  hours,  and  then  are  placed  in  an  oven  heated 
to  100  degrees  Centigrade  and  dried  for  7  hours.  The  briquettes 
are  then  removed  from  the  oven  and  placed  in  a  desiccator  to  cool. 
After  they  have  cooled  they  are  placed  under  a  flat-end  plunger  of 
one  kilogram  weight  which  receives  the  impact  of  a  one  kilogram 
hammer  having  a  one  centimeter  fall.  The  impact  apparatus  is 
shown  on  the  table  in  Plate  I.  It  has  a  small  electric  motor  at  the 
top  for  raising  the  hammer,  and  an  indicator  drum  at  the  bottom 
upon  which  an  automatic  record  is  made  of  the  blows  received 
by  the  test  piece.  The  average  number  of  blows  required  to  break 
the  five  briquettes  represents  the  cementing  power  of  the  stone  dust. 
A  cementing  value  of  10  is  considered  low,  20  fair,  40  good,  and  all 
values  above  50  are  considered  excellent. 

In  the  test  as  just  described  the  material  was  ground  dry  in 
the  ball  mill,  but  the  cementation  test  is  also  made  by  adding  water 
to  the  crushed  rock  when  it  is  placed  in  the  ball  mill.  When  the 
ground  material  is  removed  from  the  mill  it  is  immediately  made  into 
briquettes  which  are  dried  in  the  air  16  hours  and  in  the  oven  7 
hours.  From  this  point  the  briquettes  are  handled  in  the  same  way 
as  the  briquettes  made  from  the  dry-ground  material.  Briquettes 
made  from  the  wet-ground  material  are  often  much  stronger  than 
those  made  from  the  dry-ground  material. 

The  specific  gravity  and  absorption  tests  are  made  by  choosing 
two  small  specimens  weighing  from  10  to  15  grams  each  from  the 
sample  of  stone,  and  these  specimens  are  dried  and  each  carefully 
v/eighed  on  a  fine  balance  in  air  and  then  are  suspended  in  a  beaker 
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of  water  and  again  weighed.  From  the  data  thus  obtained,  two 
values  for  the  specific  gravity  and  the  weight  per  cubic  foot  of  the 
stone  are  found,  one  being  used  as  a  check  upon  the  other.  The 
specimens  are  allowed  to  remain  in  water  for  96  hours  after  which 
they  are  again  suspended  from  an  arm  of  the  fine  balance  into  the 
beaker  of  water  and  weighed.  From  the  first  and  last  weighing  of 
the  specimens  in  water,  the  number  of  pounds  of  water  absorbed  per 
cubic  foot  is  computed. 

It  is  not  possible  to  specify  the  test  requirements  for  a  good 
road  building  stone  which  will  answer  all  purposes  since  varying 
volumes  and  character  of  traffic  and  climatic  conditions  as  well  as 
the  cost  of  available  material  are  factors  to  be  considered  in  the 
choice  of  a  stone.  No  broken  stone  is  suitable  for  roads  carrying 
the  heaviest  traffic,  as  city  streets,  which  must  have  surfaces  paved 
with  stone,  brick,  or  wood  block  or  with  asphalt.  A  road  which 
takes  heavy  highway  or  suburban  traffic  requires  stone  of  the  high- 
est hardness,  toughness,-  and  wearing  qualities ;  on  the  other  hand 
for  countr}-  roads  of  light  traffic  a  comparatively  soft  stone  of 
medium  toughness  is  required.  Wind  and  rain  remove  stone  dust 
from  the  surface  of  the  road  so  that  for  the  best  results  that  stone 
should  be  chosen  which  will  wear  sufficiently  to  supply  the  deficiency 
in  the  amount  of  stone  dust.  Rocks  which  have  the  higher  cement- 
ing values  require  less  wear  to  provide  the  right  quantity  of  binding 
material. 

Tests  of  Gravels. — The  tests  made  upon  gravels  are  the  deter- 
mination of  its  weight  per  cubic  foot,  the  percentage  of  voids,  the 
percentages  of  the  difi^erent  sizes  of  stone,  the  amount  of  clay  or 
other  material  which  can  be  readily  removed  by  washing,  also  the 
determination  of  the  cementation  values. 

The  sf^ccific  i^^rai-ity  and  percentage  of  z'oids  of  gravel  are  found 
in  the  following  manner :  Quantities  of  water  and  dried  gravel  are 
weighed  in  separate  vessels;  and  then  a  half-gallon  fruit  jar,  whose 
water  capacity  has  been  accurately  determined,  is  filled  with  this 
w-ater  and  gravel  keeping  the  surface  of  the  water  just  above  the 
surface  of  the  gravel  during  the  filling  process  to  avoid  the  lodging 
of  air  bubbles  in  the  gravel.  The  jar  is  jolted  from  time  to  time 
to  cause  the  gravel  particles  to  settle  closely  together.  The  remain- 
ing water  and  gravel  in  the  two  vessels  subtracted  from  the  original 
quantities  give  the  amount  of  each  in  the  jar.     The  ratio  of  the 


Parker — Road  Materials   Testing  Laboratory.  63 

water  in  the  jar  to  the  water  capacity  of  the  jar  gives  the  percentage 
of  voids.  The  ratio  of  the  weight  of  the  gravel  in  the  jar  to  the 
water  capacity  of  the  jar  gives  the  specific  gravity  of  the  gravel, 
from  which  its  weight  per  cubic  foot  can  be  computed. 

The  ■variation  of  sises  of  the  gravel  particles  and  the  amount  of 
material  in  suspension  is  determined  as  follows :  Enough  dry  gravel 
is  weighed  out  and  added  to  the  gravel  used  in  the  test  described 
above  to  make  5000  grams.  This  gravel  is  then  thoroughly  washed, 
dried,  and  weighed.  The  loss  of  weight  thus  found  indicates  the 
amount  of  suspended  matter  in  the  5000  grams  of  gravel.  The 
washed  material  is  screened  with  sieves  having  openings  of  the 
following  diameters:  2,  i,  1-2,  1-4,  1-16,  and  1-32  inches,  and  also 
with  a  No.  100  sieve.  The  amount  of  material  retained  on  each 
sieve  and  that  passing  the  lOO-mesh  sieve  is  then  determined  and 
the  several  percentages  computed. 

The  cementation  tests  of  gravel  are  made  in  the  same  way  as 
those  for  stone,  the  material  being  used  as  it  came  from  the  pit. 

Gravel  in  a  road  is  held  in  place  either  by  the  binding  action 
of  some  foreign  substance  or  by  the  dust  made  by  the  wear  of  the 
gravel  particles.  The  binding  action  is  also  assisted  by  having  the 
material  so  graduated  in  size  that  the  voids  in  the  gravel  are  a  mini- 
mum. The  binding  material  in  a  gravel  may  consist  of  clay,  loam, 
sand,  stone  dust,  iron  oxide,  etc.  Clay  is  by  far  the  most  common 
binding  material  found  in  gravel,  and  a  cementation  test  on  clay 
alone  shows  it  to  have  unusually  high  cementing  qualities ;  but  it 
does  not  make  a  good  binding  material  because  its  binding  qualities 
depend  too  much  on  the  condition  of  the  weather.  Toam  as  a  bind- 
ing material  has  the  same  defects  as  clay.  Finely  divided  silica 
sometimes  found  in  gravels  makes  a  very  good  cementing  material. 
Iron  oxide  is  often  found  as  a  coating  on  the  pebbles,  and  has  a 
very  high  cementing  action.  Clean  flinty  gravels  do  not  make  good 
roads  unless  some  material  is  used  to  act  as  a  binder ;  but  ferruginous 
and  other  gravels  containing  ingredients  which  when  ground  to  a 
powder  under  the  action  of  traffic  have  high  cementing  power,  make 
excellent  roads. 

Tests  of  Paving  Brick. — The  paving  brick  tests  universally 
used  are  those  prescribed  by  the  National  Brick  Makers'  Association 
commonly  known  as  rattler  and  absorption  tests.  The  rattler  test 
is  considered  of  much  greater  importance  than  the  absorption  test. 
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and  is  of  value  in  determining:  the  wearing  value  of  brick.  The 
absorption  test  is  made  chiefly  for  the  purpose  of  determining  the 
uniformity  of  any  make  of  brick. 

The  Laboratory  is  equipped  with  ])oth  the  standard  and  the 
Talbot-Jones  rattlers.  A  few  tests  have  been  made  with  the  Tal- 
bot-Jones rattler,  but  up  to  the  present  time  the  results  obtained  have 
not  been  of  sutificient  value  to  give  this  rattler  a  place  as  a  recognized 
apparatus  for  making  brick  tests.  However  it  has  some  features 
which  recommend  it.  one  of  these  being  the  fact  that  the  bricks  re- 
ceive the  abrasive  action  more  nearly  as  they  do  in  an  actual  pave- 
ment than  is  true  of  the  bricks  tested  in  the  standard  rattler. 

The  standard  rattler  consists  of  a  cast-steel  barrel  arrangement 
having  compartments  clear  of  obstructions  28  inches  in  diameter 
and  20  inches  long.  These  compartments  have  plane  ends,  and  sides 
composed  of  14  flat  cast-steel  bars  with  space  left  between  them  to 
permit  the  brick  dust  to  escape. 

The  rattler  test  is  made  by  placing  a  charge  of  brick  and  iron 
sbot  in  a  compartment  of  the  rattler,  and  then  causing  the  barrel  of 
the  rattler  to  revolve  1800  times  at  the  rate  of  28  to  30  times  per 
minute.  The  charge  of  brick  consists  of  enough  paving  brick  to 
make  about  1000  cubic  inches  of  material  (about  12  paving  bricks  or 
9  paving  blocks)  which  are  carefully  dried  and  weighed  before 
being  placed  in  the  rattler.  The  charge  of  cast  iron  consists  of  225 
pounds  of  1 1/4  irtch  cast-iron  cubes  weighing  about  %  pound  each, 
and  75  pounds  of  23^^  x  23^  x  43^  inch  cast-iron  blocks  with  slight- 
ly rounded  edges  weighing  about  7l^  pounds  each.  At  the  end  of 
the  1800  revolutions  the  bricks  are  removed  from  the  rattler  and 
again  weighed.  The  loss  of  weight  calculated  in  per  cent  gives  the 
value  which  is  used  in  determining  the  wearing  value  of  the  brick. 
As  a  check  on  the  work  the  tests  are  always  duplicated.  It  is  usually 
specified  that  paving  brick  should  not  show  more  than  18  per  cent 
of  wear. 

The  absorption  test  is  made  by  choosing  two  bricks  which  have 
been  used  in  making  the  rattler  test  and  carefully  weighing  them. 
They  are  then  placed  in  water  and  allowed  to  remain  for  48  hours, 
after  which  they  are  removed  and  wiped  dry  and  again  weighed. 
The  percentage  of  increase  in  weight  is  determined,  and  the  amount 
of  absorption  is  thus  expressed  in  per  cent. 
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THE  FLOW  OF  STEAM  THROUGH  NOZZLES. 


By  Franklin  W.  Marquis    05,  Mechanical  Engineering. 


In  the  application  of  the  flow  of  steam  through  a  nozzle  to 
steam-turbine  work,  the  point  at  which  the  velocity  of  the  steam 
is  required  is  generally  very  near  the  end  of  the  nozzle.  In  look- 
ing over  the  reports  of  other  experiments  in  this  same  line  it  was 
noticed  that  in  some  cases  in  order  to  get  the  velocity  it  was 
necessary  to  estimate  the  density  of  the  steam  at  the  point  of 
efifllux.  This  estimation  depended  upon  temperature  measure- 
ments, which  were  likely  to  be  inaccurate,  and  seemed  to  be  a 
Vv'eak  point  in  the  experiments.  Moreover,  the  velocity  founci  by 
this  method  was  merely  a  figure  in  feet  per  second,  from  which 
the  mass  of  steam  discharged  could  be  calculated,  when  the  area 
of  the  orifice  and  the  density  of  the  steam  were  known.  There- 
fore, in  the  present  experiments  it  seemed  desirable  to  measure 
the  velocity  as  directly  as  possible,  and  to  avoid  estimating  the 
density  of  the  steam  at  the  point  of  efflux.  It  was  therefore  neces- 
sary to  measure  both  the  mass  discharged  and  some  other  quan- 
tity involving  the  velocity.  For  this  second  quantity  the  impulse 
of  the  escaping  jet  was  chosen. 

Let  V  =  the  velocity  of  the  steam,  in  feet  per  second. 
W  =  the  impulse  in  pounds  weight. 

M  =  the  weight  of    steam    discharged    per    second,    in 
pounds, 
and  g  =  the  acceleration  due  to  gravity, 
^  32. 16  feet  per  second  per  second. 

Then,  since  the  impulse  of  a  jet  of  any  kind  is  equal  to  the 
product  of  the  mass  flowing  per  second  and  the  velocity  of  flow, 

MV 
W  =  

Wg 
orV=      ,f  (I) 

The  above  formula  was  used  in  all  cases  in  determining  the 


Editor's  Note. — Abstract  of  thesis  on  experimental  determination  of 
the  velocity  of  flow  of  steam  through  nozzles. 
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velocity  of  the  jet.  It  is  to  be  noted  that  this  formula  gives  the 
velocity  at  the  definite  point  at  which  the  impulse  is  measured. 
Thus,  if  the  steam  is  not  fully  expanded  in  the  nozzle,  it  will  con- 
tinue to  expand  after  leaving  the  nozzle,  and  will  change  in  im- 
pulse and  velocity.  However,  the  velocity  at  any  point  outside 
the  nozzle  may  be  obtained  by  measuring  the  impulse  at  that 
point. 

At  first  an  attempt  was  made  to  measure  the  reaction  of  the 
jet,  instead  of  the  impulse,  the  supposition  being  that  the  two 
would  be  the  same.  However,  after  some  preliminary  experiments 
this  method  was  abandoned,  and  a  method  of  measuring  the  im- 
pulse was  substituted. 


Fig.    I. — DiAGR.vM    Showing   Arr.\xgemi:xt   of   Apparatus   for 
Measuring  the  Impulse  of  the  Jet. 
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Steam  for  the  following  experiments  was  furnished  by  a  Bab- 
cock  and  Wilcox  water  tube  boiler,  which  generally  carried  about 
125  pounds  pressure. 

Fig.  I  shows  the  arrangement  of  the  apparatus  used  in  de- 
termining the  impulse  of  the  jet.  It  consisted  of  a  receiver,  c,  into 
which  steam  was  admitted  by  means  of  the  one  inch  pipe,  a.  The 
nozzle,  n,  was  screwed  into  the  lower  end  of  c.  The  steam  was 
discharged  from  c  through  nozzle  n,  directly  against  the  impulse 
plate  d,  which  was  supported  on  the  scales  s,  the  impulse  thus  be- 
ing measured  directly.  The  pressure  of  steam  in  c  was  regulated 
by  means  of  the  gate  valve  b,  the  gage  g,  showing  just  w^iat  tins 
pressure  was.  The  impulse  plate  d,  could  be  set  at  any  desired 
distance  from  the  end  of  the  nozzle.  It  was  set  perpendicular  to 
the  axis  of  the  nozzle  by  means  of  the  leveling  screws,  P.  The 
steam  inlet  pipe,  a,  extended  some  distance  into  the  receiver  c, 
and  had  a  cap  on  its  low^er  end.  A  number  of  ^"  holes  were 
drilled  in  it  at  dififerent  places  within  c.  This  prevented  the  steam 
from  rushing  directly  from  the  pipe  into  the  nozzle,  and  tended  to 
equalize  the  steam  pressure  in  all  parts  of  c.  The  nozzles  were 
threaded  and  screwed  in  as  shown  in  the  fig.,  care  being  taken  to 
have  them  extend  at  least  ^4"  up  into  the  receiver.  A  yi"  pipe, 
through  which  steam  flowed  continually  during  each  test,  led  away 
from  the  bottom  of  the  receiver.  This  served  to  drain  the  water 
which  collected  there,  and  to  keep  the  steam,  which  flowed  through 
the  nozzle,  dry.  The  steam  gage  used  was  graduated  to  read  to  5 
pounds,  and  was  carefully  calibrated  before  being  used.  The  scales 
were  graduated  to  read  to  .02  pounds,  and  were  also  carefully 
calibrated. 

The  method  followed  in  each  experiment  was  as  follows : 
The  impulse  plate  was  first  set  perpendicular  to  the  axis  of  the 
nozzle,  and  at  the  desired  distance  from  it.  The  scales  were  then 
carefully  balanced.  The  steam  was  then  turned  on,  and  the  pres- 
sure in  the  receiver  allowed  to  reach  the  maximum  desired,  which 
was,  in  most  cases,  120  pounds.  It  was  allowed  to  remain  at  this 
pressure  for  several  minutes,  until  the  apparatus  was  thoroughly 
warmed  up,  after  which  the  scales  were  balanced  and  the  reading 
taken.  The  valve  b,  w^as  then  closed  just  enough  to  cause  the 
steam  pressure  in  the  receiver  to  fall  ten  pounds.  As  soon  as  the 
pressure  became  steadv,  another  reading  was  taken.    Thus  a  read- 
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ing-  was  taken  for  each  ten  pounds  from  the  maximum  to  the  mini- 
mum desired.  The  pressure  was  always  decreased  from  one  read- 
ing to  the  next,  as  this  tended  to  keep  the  steam  dry.  Some 
trouble  was  experienced  from  water  collecting  on  the  scales,  and 
it  was  found  necessary  to  keep  this  carefully  wiped  ofT.  In  other 
respects  the  apparatus  worked  satisfactorily,  and  the  results  ob- 
tained  are   supposed  to  be   fairly  accurate. 
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Fig.    2. — DIAGR-■\^[    Showing   Arrangement   of   Apparatus   for 
jMeasuring  the  Mass  of   Steam  Discharged. 


Fig.  2  shows  the  arrangement  of  the  apparatus  used  for  de- 
termining the  mass  of  steam  discharged.  The  same  receiver,  c, 
was  used  as  in  determining  the  impulse  of  the  jet.  The  hollow 
cylindrical  receiver,  d,  was  screwed  on  the  lower  end  of  the  nozzle. 
A  compound  gage,  g',  was  connected  to  d,  as  shown  in  the  figure, 
so  as  to  give  the  pressure  in  d.  From  the  lower  end  of  d,  a  2"  pipe 
led  to  a  Wheeler  surface  condenser.  In  this  2"  pipe,  near  the  re- 
ceiver d,  was  a  throttle  valve,  f.  At  k,  the  steam,  now^  condensed, 
left  the  condenser,  and  was  forced  by  the  wet  air  pump  into  the 
tank  t,  which  rested  on  the  same  scales  that  had  been  used  in 
determining  the  impulse  of  the  steam. 

The  method  used  was  as  follows  :  The  condenser  pump  was 
first  started,  and  the  throttle  valve,  f,  opened  wdde.  The  valve,  b, 
was  then  opened,  admitting  steam  to  c,  up  to  the  maximum  pres- 
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sure  used.  The  steam  was  now  discharging  from  c  into  d,  against 
some  pressure  less  than  atmospheric.  The  throttle  valve,  f,  was 
then  gradually  closed  until  the  compound  gage,  g',  read  just  o. 
The  steam  was  then  being  discharged  against  atmospheric  pres- 
sure. It  was  allowed  to  run  for  several  minutes  until  a  state  of 
stability  was  reached.  Meanwhile  the  'scales,  on  wdiich  the  empty 
tank,  t,  rested,  were  balanced.  Then  at  some  definite  time,  which 
was  carefully  noted,  the  pipe,  m,  which  up  till  this  time  had  been 
discharging  to  waste,  was  turned  so  that  it  discharged  into  tank  t. 
Both  pressures  in  c  and  d,  were  then  kept  constant  until  an  in- 
terval of  15  minutes  had  passed,  when  the  pipe  m  w-as  again  turned 
so  that  it  discharged  to  waste.  The  water  which  had  collected  in 
t  was  then  weighed.  This  weight  was  divided  by  the  time  in  sec- 
onds, the  result  being  the  weight  of  steam  discharged  per  second. 
Ihis  process  was  repeated  for  a  steam  pressure  corresponding  to 
the  next  ten  pounds  lower,  and  so  on  to  the  minimum  pressure 
desired. 
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Fig.  3. — NozzLE^s  Tested. 


It  was  found  necessary  to  wait  some  little  time  after  the 
steam  was  first  turned  on  in  order  to  be  sure  that  a  condition  of 
stability. had  been  reached.  Otherwise  the  weisfht  discharged  was 
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entirely  too  large.  This  was  accounted  for  by  the  supposition 
that,  when  the  steam  was  first  turned  on,  or  when  the  pressure 
was  raised,  water  which  had  collected  in  the  pipe  e,  and  the  up- 
right o,  see  fig.  2,  was  carried  over  into  the  condenser,  and  on  into 
the  tank  t.  thus  giving  a  larger  weight  than  had  actually  passed 
through  the  nozzle.  When  precautions  were  taken  against  this 
error,  the  results  seemed  to  be  fairly  uniform. 

Before  any  tests  were  made,  a  careful  leakage  test  was  run 
on  the  condenser,  to  make  sure  that  none  of  the  cooling  water  was 
finding  its  way  into  tank  t. 

The  nozzles  tested,  see  Fig  3,  were  made  of  brass,  and  were 
carefully  prepared  to  exact  dimensions. 

Xo.  I  is  simply  a  straight  tube  34"  in  diameter  and  5"  long, 
with  a  sharp  inner  edge. 

Xo.  i'  is  the  same  as  Xo.  i,  with  the  inner  edge  rounded. 

Xo.  i"  is  the  same  as  Xo.  i',  but  is  only  35^"  long. 

X'o  2  has  a  taper  of  i  in  20.  is  5"  long,  V^"  in  diameter  at  the 
small  end,  and  has  a  sharp  inner  edge. 

X^o.  2'  is  the  same  as  Xo.  2,  with  the  inner  edge  rounded. 

X'o  2"  is  the  same  as  No.  2',  but  only  33^2"  long. 

Xo.  3  has  a  taper  of  i  in  10,  is  5"  long,  J4"  in  diameter  at  the 
small  end,  and  has  a  sharp  inner  edge. 

Xo.  3'  is  the  same  as  X'^o.  3,  with  the  inner  edge  rounded. 

Xo.  3"  is  the  same  as  X'o.  3',  but  is  only  35^"  long. 
Results  and  Coxclusioxs. 

The  more  important  results  obtained  will  be  found  expressed 
graphically  in  figures  4-9.  Two  velocities  were  calculated  for  each 
nozzle  as  follows:  (i)  The  velocity  near  the  end  of  the  nozzle, 
generally  %"  from  it.  where  the  impluse  was  a  minimum,  and  (2) 
the  velocity  at  the  point  where  it  was  a  maximum.  This  was  at 
2^"  from  the  end  of  the  nozzle  in  most  cases,  but  with  nozzles 
Xo.  i'.  Xo.  3  and  Xo.  3'  it  was  at  2",  and  with  Xo.  2'  it  was  at 
i"  from  the  end  of  the  nozzle.  Thus,  practically,  the  minimum  and 
maximum  velocities  of  the  steam,  after  it  leaves  the  eiftl  of  the  nozzle, 
are  recorded  in  each  case.  Curves  are  given  for  each  nozzle,  having 
the  steam  pressure  in  pounds  per  square  inch  above  atmosphere 
as  abscissal  and  fi)  the  impulse  in  pounds,  (2)  the  velocity  in  feet 
per  second,  as  ordinates. 
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An  examination  of  the  steam  pressure  impulse  curves,  see  fig- 
ures 4,  5  and  6,  will  show  the  following  points.  Of  nozzles  Xo.  i, 
Xo.  2  and  Xo.  3,  with  the  square  inner  edge,  Xo.  i  gave  the  great- 
est impulse,  Xo.  2  the  next  and  Xo.  3  the  least.  However,  it  will 
be  noticed  that  curves  2  and  3  have  a  greater  slope  than  i,  so  that 
if  they  were  continued  they  would  cross  i.  This  seems  to  indicate 
that  if  much  higher  pressures  were  used  the  nozzles  Xo.  2  and  Xo.  3 
would  give  a  greater  impulse  than  X"o.  i. 

\\'hen  the  inner  edges  were  rounded,  thus  admitting  more 
steam,  the  impulse  with  nozzle  Xo.  i'  was  greater  than  the  others 
only  at  the  lower  pressures,  see  figure  5.  At  the  higher  pressures, 
nozzle  Xo.  2'  gave  the  greatest  and  Xo.  i'  the  elast.  This  same 
thing  is  shown  in  a  more  marked  degree  by  the  curves  in  figure  6, 
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FIG.  4. 
1  — Impulse  measured  at  J2 "  from  the  end  of  nozzle  No.  1 
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\v  liich  show  the  effect  of  shortening  the  nozzles.  This  all  seems  to 
show  that  of  the  nozzles  with  the  square  inner  edge,  both  Xo.  2 
and  No.  3  are  too  long,  and  have  too  much  taper,  thus  allowing  the 
steam  to  expand  to  the  lower  pressure  somewhere  back  in  the  nozzle, 
instead  of  just  at  the  mouth,  as  it  should.  \Mien  the  inner  edges 
were  rounded,  more  steam  was  discharged,  but  evidently  nozzle  No. 
3  still  had  too  much  taper,  even  at  the  highest  pressures  reached. 
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FIG.    5. 
1'  — Impulse  measured  at  %"  from  end  of  nozzle  Xo.  1' 
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The  greatest  discharge  was  given  in  each  case  by  the  nozzle 
with  the  larger  taper  (i  in  lo),  although  there  was  very  little  dif- 
ference between  that  and  the  one  with  the  taper  i  in  20.  The 
straight  tube,  however,  plainly  gave  the  least  discharge  in  every  case, 
except  at  some  of  the  lower  pressures. 
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Fig.  6. 
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An  examination  of  some  of  the  steam  pressure-velocity  curves 
(figures  7,  8  and  9)  will  show  that  the  highest  velocity  was  given 
by  the  straight  tube  in  every  case  except  in  the  case 
of  the  shorter  nozzles,  when  the  nozzle  with  the  taper  i  in  20  gave 
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Fig.  7. 

1  —  Velocity  at     \i"    from  end  of  nozzle  No.  1 
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the  highest  velocity.  One  rather  interesting  point  which  is  shown 
plainly  in  figure  9,  is  that  with  the  straight  tube  the  velocity  de- 
creases very  slowly  as  the  steam  pressure  is  lowered,  while  with  the 
tcper  nozzles  it  decreases  much  more  rapidly. 

Thus  these  experiments  show  that  for  steam  pressures  above 
90  lbs.  gage  the  nozzle  with  the  taper  i  in  20  and  3/^"  long,  with 
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Fig.  8. 

1' — Velocity  at     Y^"  from  end  of  nozzle  No.  1' 
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the  rounded  inner  edge,  was  the  best  of  any  tested.  For  pressures 
l)clow  90  lbs.  a  tube  of  less  taper,  or  even  a  straight  tube,  is  evidently 
better. 
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1" — Velocity  at     V4,"  from  end  of  nozzle  No.  1" 
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STRESSES    IN   CONCRETE   SEWER   SECTIONS. 


By.  a.  p.  Poormax,  07,  Civii.  Enginee;ring. 


In  recent  years,  reinforced  concrete -has  come  into  use  more 
and  more  as  a  building  material.  One  reason  for  this  is  that  the 
high  tensile  strength  of  steel  can  be  combined  with  the  high  com- 
pressive strength  of  concrete  so  as  to  produce  a  very  efficient  build- 
ir.g  material  at  low  cost.  Another  reason  is  that  concrete  can  be 
easily  molded  into  any  shape  that  may  be  desired  with  little  loss  of 
materials.  For  both  of  these  reasons,  reinforced  concrete  is  emi- 
nently adapted  for  the  construction  of  sewers,  conduits,  culverts, 
pipe  and  similar  structures,  especially  in  the  larger  sizes.  Along 
this  line,  practical  construction  has  out-run  theoretical  determination, 
for  the  reinforcing  in  the  sewers  and  pipes  heretofore  constructed 
has,  as  a  rule,  been  placed  without  any  definite  knowledge  of  the 
stresses  to  which  the  sewers  would  be  subjected. 

The  Engineering  Experiment  Station  of  the  University  of 
Illinois,  has  been  conducting  some  experiments  with  the  object  of 
determining  something  more  definite  regarding  the  position  and 
'magnitude  of  the  maximum  stresses  under  various  systems  of  load- 
ing. In  his  thesis  entitled,  "Stresses  in  Concrete  Pipes  Due  to 
External  Pressure,"  Mr.  W.  A.  Slater,  M.  and  S.  E.,  '06,  began  the 
investigation,  working  in  conjunction  with  the  Experiment  Station 
in  the  laboratory  tests.  This  investigation  was  carried  on  along  two 
lines,  (i)  theoretical  discussion,  and  (2)  practical  tests.  In  the 
theoretical  determination,  three  methods  of  loading  were  consid- 
ered, viz. :  a  concentrated  vertical  load  at  the  center  of  the  crown ; 
a  vertical  load  uniformly  distributed  over  the  horizontal  projection ; 
and  a  combination  of  a  uniform  vertical  load  with  a  uniform  hori- 
zontal load.  In  the  determination  of  moments  and  stresses,  both 
Each's  formula  for  moments  and  stresses  and  the  Cornell  method 
of  determining  moments  were  used.  The  reductions  are  long  and 
intricate,  and  hence  will  be  omitted  here. 

The  results  of  this  investigation  are  very  interesting.  If  we 
reduce  the  equations  for  moment  in  a  ring  to  the  same  terms  as  are 
used  for  beams,  we  get  the  following  results. 


yS  Thd\  Techno  graph. 

For  a  concentrated  load  on  a  ring  at  the  crown,  the  bending 
moment  at  the  crown  is 

M  =:  0.16  W  I, 
where  W  =  load,  and  I  ^  2  r  =:  mean  diameter  of  section. 

For  a  concentrated  load  at  the  middle  of  a  simple  beam,  the 
bending   moment   at   the   middle    is 

M  =  0.25  JV  /, 

Similarly,  for  a  concentrated  load  at  the  middle  of  a  fixed  beam, 
M  =  0.125  JV  I. 

It  is  seen  from  this  that  the  maximum  moment  in  a  ring  is 
nearly  a  mean  between  that  in  a  simple  beam  and  that  in  a  restrained 
b€am.  This  is  about  as  might  be  expected,  as  may  be  shown  in 
another  way.  The  distance  between  the  points  of  inflection  of  a 
beam  is  the  length  which  acts  as  a  simple  beam.  In  the  case  of  the 
simple  beam,  this  is  the  distance  between  supports.  In  a  fixed  beam, 
it  is  one-half  the  distance  between  supports,  since  the  points  of 
inflection  are  at  the  quarter  points.  This  makes  the  moment  just 
half  that  in  a  simple  beam  of  the  same  length.  In  a  ring,  the  points 
of  inflection  are  at  or  near  the  45°  points,  as  will  be  explained  later. 
Considering  them  to  be  at  the  45°  points,  we  have  for  the  effective 
horizontal  length  between  points  of  inflection  0.707  /.  If  the  mo- 
ments varied  according  to  these  effective  lengths,  we  would  have 
0.25  W  /,  0.176  W  /  and  0.125  W  /  or  the  moments  respectively 
in  a  simple  beam,  a  ring,  and  a  fixed  beam. 

With  a  uniform  load  over  the  horizontal  projection,  we  find 
the  moment  at  the  crown  of  the  ring  to  be 

M  =  0.0625  JV  I. 

For  a  simple  beam,  uniformly  loaded,  the  moment  at  the  cen- 
tre is 

^I  =  0.125  JV  I. 

For  a  fixed  l)eam,  uniformly  loaded,  the  moment  at  the  centre  is 
U  =  0.083  ^^'  /• 

This,  also,  is  as  would  naturally  be  expected,  for  if  the  vertical 
forces  acting  upon  the  ring  are  resolved  into  their  normal  and  tan- 
gential components,  we  find  that  much  of  the  force  produces  no 
moment. 

In  the  case  of  a  uniform  horizontal  load  in  combination  with 
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a  uniform  vertical  load,  the  general  formula  derived  by  Mr.  Slater 
reduces  to 

M  =  0.25  (p  —  h)  r^-  j^^^ 

vv'here  p  and  h  are  respectively  the  vertical  and  horizontal  unit 
forces  or  pressures,  and  H  is  a  function  of  the  ratio  of  the  thickness 
of  section  to  the  mean  diameter.  For  any  given  pipe  H  is  a  con- 
stant, and  for  any  ordinary  sizes  of  sewer  or  culvert  pipe,  it  is  so 
small  that  it  may  usually  be  neglected. 
This  formula  may  also  be  written 

h      H  —  I 

M  =  0.2s  p  r-  (i—  — )  

p       H  +1 

It  will  be  seen  that  this  formula  reduces  to  M  =^  o,  when  p  =  h, 
or  when  the  horizontal  forces  are  equal  in  intensity  to  the  vertical 
forces.  This  is  correct,  for  from  the  geometry  of  the  figure,  the  re- 
sultant of  any  two  forces  would  pass  through  the  centre,  and  would 
be  equal  to  the  resultant  of  any  other  two  forces.  This  is  the  same 
as  assuming  an  equal  pressure  normal  to  the  circumference  at  all 
points,  which  gives  zero  bending  moment  at  all  points. 

TJ     -r 

If  h  is  taken  at  a  representative  value  of  0.4  p  and  -^ — ; — 

H  -\-  I 

is  considered  as  equal  to  — i,  since  H  is  very  small,  we  get 
M  =  — 0.25  X  0.6  p  ;■-. 

Reducing  to  the  same  terms  as  above,  and  changing  sign,  since 
absolute  value  is  all  that  is  desired,  we  get 

M  =  0.0375   ^V  ^ 
which  is  0.6  of  the  value  when  vertical  forces  alone  are  considered. 

In  all  of  these  cases,  except  that  of  uniform  normal  pressure 
the  moment  changes  sign  at  points  about  45°  from  the  crown,  and 
again  at  about  45°  from  the  base,  passing  through  zero  at  these 
points.  If  we  consider  H  =  o,  as  stated  above,  these  points  are 
exactly  at  the  45°  points,  as  may  be  seen  from  the  following.  The 
general  equation  of  moment  at  any  section  may  be  written 

T\T         ,    „   .     sin  -$ 

M  =  pr-  ( 0.25) 

where  <l>  is  the  angle  with  the  horizontal.     With  values  of  $  less 
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than  45°  M  is  negative  ;  with  $  =  45°,  AI  is  zero ;  and  with  $  greater 
than  45°,  M  is  positive. 

From  the  foregoing  discussion  it  is  evident  that  no  reinforcing 
is  required  if  the  pressure  is  normal  at  all  points,  except  to  give 
strength  for  handling.  In  all  other  conditions,  the  reinforcing 
should  be  placed  near  the  inner  surface  at  the  top  and  bottom,  and 
near  the  outer  surface  at  the  sides,  which  makes  the  steel  in  the 
form  of  an  ellipse.  In  order  to  obtain  the  same  result  and  also  m 
order  to  facilitate  the  removal  of  the  forms,  the  C.  B.  &  O  R.  R.  Co. 
have  adopted  the  plan  of  separating  the  upper  and  the  lower  semi- 
circles of  the  forms  by  an  amount  equal  "to  the  thickness  of  the 
section,  which  makes  this  portion  straight.  The  reinforcing  rods  are 
then  placed  in  the  form  of  true  circles,  and  consequently  are  near 
the  tension  surfaces  of  the  section. 

If  the  section  is  large,  say  eight  or  ten  feet  in  diameter,  a  ma- 
terial saving  in  steel  can  be  effected  by  using  only  short  pieces  of 
reinforcing,  extending  each  way  from  the  line,  of  maximum  moment 
only  far  enough  to  give  the  bond  necessary  to  develop  the  full  ten- 
sile strength. 

In  the  practical  test  of  these  theoretical  determinations,  Mr. 
Slater  used  plain  concrete  sections  and  a  concentrated  load,  in  order 
to  have  as  many  of  the  conditions  fully  known  as  possible.  He 
u.<red  only  four  sizes  of  test  pieces,  and  but  two  specimens  of  each 
size. 

Besides  these  regular  test  specimens,  two  pieces  of  commercial 
concrete  sewer  pipe,  15  inches  in  diameter,  and  1%  inches  thick, 
were  tested.  These  had  longitudinal  reinforcing  to  help  them  act 
as  beams  if  necessary,  and  this  was  held  together  by  light  lateral 
reinforcing.  The  modulus  of  rupture  and  the  compressive  strength 
of  these  pieces  were  unknown,  so  the  test  was  of  little  value  in  aid- 
ing the  theoretical  study  of  the  subject. 

With  each  specimen,  compression  cubes  and  beams  were  made, 
and  from  these  the  modulus  of  rupture  and  the  compressive  strength 
were  figured.  Using  these  values,  the  load  at  which  failure  should 
occur  was  computed  for  each  of  the  eight  sections.  The  load  as 
computed  was  higher  than  the  actual  breaking  load,  except  in  the 
case  of  one  section.  The  difficulty  of  getting  the  section  an  accurate 
circle  and  also  of  properly  tamping  the  concrete  in  the  molds  w^ould 
probably  account  for  this  dififcrence. 
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By  theoretical  determination,  the  tensile  stress  in  the  inner  fiber 
at  the  crown  due  to  a  concentrated  load  should  be  about  i867o  of 
that  in  the  outer  fiber  at  the  end  of  the  horizontal  diameter.  Accord- 
ing to  this  the  first  failure  should  occur  either  at  the  top  or  at  the 
bottom.  Since  the  weight  of  the  section  itself  increases  the  stress 
slightly  at  the  bottom  this  should  be  the  point  of  initial  failure. 
The  tests  proved  the  correctness  of  this  determination,  for  in  the 
9  cases  noticed,  2  failed  at  the  top,  3  at  the  bottom,  and  4  simul- 
taneously at  top  and  bottom. 

In  further  development  of  this  line  of  research,  the  Engineering 
Experiment  Station  has  begun  a  series  of  unique  tests  upon  full 
sized  commercial  sections  of  culvert  pipe  for  railroad  embankment, 
both  reinforced  concrete  and  cast  iron.  Four  railroads,  the  C.  B.  & 
O.,  the  A.  T.  &  S.  F.,  the  C.  Al.  &  St.  P.,  and  the  I.  C.  are  uniting 
in  contributing  material  for  these  tests.  One  section  8  feet  long, 
48  inches  inside  diameter  and  4  inches  thick  has  already  been  tested. 
Another  the  same  size,  and  two  4-ft.  sections  are  on  hand  ready 
to  be  tested.  In  order  to  approximate  nearh-  the  conditions  which 
occur  in  actual  service,  the  pipe  was  imbedded  in  sand  in  a  box  built 
of  heavy  timbers.  The  load  was  applied  uniformly  over  the  hori- 
zontal projection  by  means  of  a  saddle  and  four  hydraulic  jacks,  each 
capable  of  exerting  200,000  pounds  pressure.  In  the  specimen 
tested,  failure  was  due  to  diagonal  tension  in  the  concrete.  The  load 
carried  was  268,000  pounds,  or  about  8,000  pounds  per  square  foot 
of  horizontal  projection. 

The  cast  iron  culvert  pipes  to  be  tested  are  36  and  48  inches 
in  diameter  and  12  feet  long.  Since  the  compressive  strength  and 
the  modulus  of  rupture  of  cast  iron  are  well  determined,  and  since 
it  is  homogeneous  throughout,  a  more  accurate  determination  of 
the  moment  developed  should  be  possible. 

Mr.  H.  B.  Bushnell,  Mr.  J.  Cermak  and  the  writer  have  under- 
taken a  series  of  tests  upon  sections  similar  to  the  larger  ones  used 
by  Mr.  Slater.  They  are  all  to  be  48  inches  inside  diameter  and  24 
inches  long.  Six  plain  concrete  sections  with  6  inch  walls  are  al- 
m_ost  ready  for  testing.  Thirty-three  other  sections  with  4-inch  walls 
and  with  V^-mch  reinforming  bars  spaced  3  inches  apart,  have  been 
made  and  will  be  used  in  determining  as  far  as  possible  the  value  of 
reinforcing. 

C— I.   U. 
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CONSIDERATION   OF  THE   EFFECT   OF   FRICTION   ON 
STEAM  TURBINE  BLADES. 


Bv  J.  F.  Ervix,  '07,   AIkciiaxical  Engixkicrixg. 


The  consideration  of  indicator  diagrams  as  characteristics  oi 
the  thermodynamical  quaUties  of  reciprocating  engines  is  the  com- 
mon practice  with  which  we  are  faniihar.  The  steam  turbine  gives 
us  an  entirely  different  state  of  affairs.  It  substitutes  for  the  in- 
termittant  closed  process  of  the  reciprocatinti'  engine,  a  continuous 
<i])cn  process  in  which  steam  is  admitted  at  a  definite  initial  pressure 
and  taken  away  from  turbine  at  a  smaller  exhaust  pressure.  For  a 
nuiltiple  expansion  turbine  or  one  that  is  composed  of  part-processes 
in  the  individual  pressure  stages  of  the  turbine,  steam  issues  from  a 
nozzle  at  some  velocity,  depending  upon  the  difference  between  the 
initial  and  final  pressures  and  the  form  of  the  nozzle.  The  impulse 
of  this  issuing  jet  gives  to  the  turbine  blades,  upon  which  it  mipinges, 
a  velocity  that  depends  upon  the  angle  of  entrance  and  ab- 
solute velocity  of  jet.  Since  the  heat  energy  of  the  fluid  is  partially 
transformed  into  kinetic  energy  by  expansion  in  the  nozzle  it  is 
necessary  for  maximum  efficiency,  to  transform  as  much  of  this 
kinetic  energy  into  work  u])on  the  turbine  blades  as  possible,  which  is 
the  same  thing  as  making  the  absc^ilute  velocity  of  jet  as  small  as 
possible  when  it  leaves  the  last  set  of  rotating  blades.  Neglecting 
the  losses  due  to  friction,  eddies  and  leakage  the  energy  given 
u])  to  the  l)lades  is  proportional  to  the  differences  of  the  squares  of 
the  enterinii-  and  exit  velocities.  The  angles  of  the  blades  other  than 
at  the  points  of  entrance  and  exit  are  immaterial  except  that  blades 
should  be  formed  with  a  smooth  gradual  curve  to  make  the  friction 
and  eddy  losses  small.  The  tangent  to  the  curve  of  blade  at  point  of 
entrance  of  jet  should  be  ])arallel  to  the  relative  velocity  of  jet  so 
as  to  allow  jet  to  enter  the  blade  without  shock. 

Consider  the  case  shown  in  Fig.  i  in  which  we  have  one  pres- 
sure and  two  velocity  stages,  steam  issuing  from  a  nozzle  at  a 
velocity  \'.  making  an  angle  a  with  the  iK^rizontal  or  direction  of 
blade  velocity  u,  and  a  coefficient  of  friction  of  .2  u])on  both  the  ro- 
tating and  guide  blades  of  turbine. 

For  a  condition  of  maxinunn  efficienc\'  the  absolute  velociiV 
\  n'  of  exit  jet  nuist  be  as  small  as  possible.     To  satisfy  this  condition 
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ozzle 


Fig.   I. — \'elocity  diagram  for  a  two  velocity  stage  turbine. 


the  velocity  u  of  the  blades  must  have  such  a  value  as  to  make  V^' 
perpendicular  to  the  direction  of  blade  velocit}'  u.     For  frictionless 

A'l  cos  a 


case  a  value  of  u  to  obtain  this  condition  would  be 


2  n 


where 


n  is  the  number  of  rotating-  blades  in  one  pressure  stage.  \\'heTi 
friction  is  considered  the  value  of  u  is  something  smaller  than  the 
ideal  value  and  the  following  empirical  formula  gives  approximate 
values  for  u  when  n  =r  2  x  3. 
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_2ViCOSoc— (2n— l)fViCos«  +(f— .2)V,cos  «  +  .lTi(n— 3)(VjCOSa  )f 
4  n  —  (2  n  —  i)  f 
_     [2  +   (.1  n-  —  2,3  n  +  I)  f]  \\  cos  oe 
4  n  —  (2  n  —  i)  f 
f  rr:  cocf.  of  frictioii  OH  bladcs 
Vi  :=  velocity  of  jet  ft.  per  sec. 
n  =  sets  of  rotating-  blades 
u  =  velocity  of  blades  in  ft.  per  sec. 
The  velocity  diagram  shown  in  Fig.   i  was  constructed,  using 
values  of  u  determined  by  application  of  above  formula  after  being 
corrected  by  trial  on  velocity  diagram. 

The  jet  from  the  nozzle  with  a  velocity  V^  strikes  the  moving 
vanes  and  enters  the  blades  with  a  relative  velocity  W^ ;  but  in 
passing  through  the  first  set  of  blades  .2  of  \\\  is  lost,  which  leaves 
W,  as  the  remaining  velocity.  Then  considering  the  entrance  and 
exit  angles  of  the  rotating  and  guide  wheels  equal  the  jet  issues 
from  the  first  set  of  rotating  blades  with  a  relative  velocity  Wo  mak- 
ing an  angle  ao  with  the  blade  velocity  vector  and  enters  the  guide 
wheel  blades  at  an  absolute  velocity  A',  and  angle  a'  and  leaves 
with  an  absolute  velocity  V^'  equal  to  .8  \\  and  an  agle  a'.  The 
jet  then  enters  second  set  of  rotating  blades  with  relative  velocity 
Wi'  and  leaves  with  a  relative  W^'  equal  to  .8  W^',  making  an 
angle  a,',  or  with  an  absolute  velocity  \.!.  making  an  angle  of  90' 
with  direction  of  blade  velocity. 

In  determination  of  efficiency  under  these  conditions  let 

Y  - 
\\  o  =  energv  of  iet  =  — ^ 

2g 

f  z=i  coef.  of  friction  considered 
P  :=  total  peripheral  component  or  force  upon  blades 
M  =  mass  of  steam  flowing  per  sec. 
a  and  c^  =  peripheral  components  of  velocity 
at  entrance  to  and  exit  from  first  rotating  wheel 

Co  =  peripheral  components  of  entrance  to  end  exit  from  sec- 
ond rotating  wheel 
.  •.  P  =  M  (c+c,  +  c,  +  o) 
since  c  a  Cj  are  opposite  in  direction 

\\  1  =  work  per  sec.  =  Pu 
.  •..  \\\  =.  Pu  =  .AI  (c  +  c,  +  Co  4-  o)  u 
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Considering  one  pound  of  steam  j\I  ::=  - 
(c  +  q  +  c,  +  0)11 


Eff. 


.-.  Pu  = 


W, 


\\\    _    2g-  Pu   __  211     (C  -f-  Ci  +  C2  +  O) 
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Plate  I  shows  the  effect  of  friction  upon  the  peripheral  velocity 
of  the  turbine  for  condition  of  maximum  efificiency  described  above. 
The  ordinates  represent  the  blade  velocity  as  per  cent,  of  velocity  of 
jet  issuing^  from  nozzle  and  abscissae,  the  coefficients  of  friction  con- 
sidered.    Tlie  different  curves  shown  in  the  plate  were  drawn  from 
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the  graphical  sokition  of  problems  similar  to  that  described  m  Fig 
I.  considering  angles  of  nozzle  10°.  20°.  30°  and  40°,  and  sets  of 
rotating  blades  (n)  in  one  pressure  stage  from  i  to  3  and  coeffi- 
cients of  friction  from  o  to  3. 

Plate  II,  III,  IV  and  V  show  the  effect  of  the  different  angles 
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of  entrance  and  friction  upon  the  blades  in  terms  of  tlic  efificiencv 
of  the  jet.  The  ordinates  represent  the  efficiency  of  the  combination 
in  per  cent,  of  jet  energy  and  the  abscissae  the  coefficients  of  friction 
considered.  The  results  for  these  curves  were  calculated  from  the 
graphical  solution  of  problems  as  described  in  Fig  i. 
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Plate  IV. — Curves  showing  efficiency  of  a  turbine  with 
different  coefficients  of  friction*  when  the  angle  of  the 
nozzle  is  30°. 
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The  curves  marked  n  =  i,  n  =  2,  n  =  3,  represent  the  friction 
efficiency  curves  for  1,2  and  3  sets  of  rotating  blades  in  one  pressure 
staee. 
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Plate  V. — Curves  showing  efficiency  of  a  turbine  with 
different  coeeficients  of  friction  when  angle  of  the  nozzle 
IS  40°. 
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A    NEW 


METHOD    OF    OBTAINING    THE    FIGURE    OF 
^lERIT  OF  A  GALVANOMETER. 


By   F.  C.   Brown,   Instructor   ix    Physics. 


The  following  discussion  explains  a  new  experimental  method 
of  obtaining  the  figure  of  merit  of  a  galvanometer.  The  final  ex- 
pression for  the  figure  of  merit,  i.  e.  the  current  necessary  to  pro- 
duceduce  i  division  deflection  on  the  scale,  is  given  in  terms  of  the 
resistance  in  a  W'heatstone  bridge  mesh  and  the  change  in  deflection 
produced  by  a  change  of  i  ohm  in  one  arm  of  the  bridge. 

Let  the  galvanometer  whose  figure  of  merit  is  desired  be  con- 
nected in  a  ^^'heatstone  bridge  mesh  as  shown  in  the  following 
diagram. 


Let  X,  R,  a  and  b  be  the  resistances  in  the  four  arms  of  the 
bridge. 

Let  G  be  the  galvanometer  resistance. 

Let  E  be  the  c.  m.  f.  between  A  and  B. 

Let  e■^  be  the  e.  m.  f.  between  A  and  C. 

Let  c.  be  the  e.  m.  f.  between  A.  and  D. 
then  e„  —  e^  =:  the  c.  m.  f.  between  C  and  D 
and  bv  Ohm's  law. 
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'^~'^=I.,  (I) 


G 

the  current  through  the  galvanometer, 
By  Kirchoff's  Law. 

T     _   T     _.T ^1 ^  —  ^1  (2\ 

Jh^   g  Q 

I^  =   I,  —  la  =   1^ ^-  (3) 

Kliminating  e^  and  eo  from  equation  (i),  (2)  and  (3) 

•r    _  -p aR  —  bx ,. 

'  ~      G(R  +  x)(a  +  b)+Rba+Rbx  +  axR  +  bxa  ^^^ 

Now  if  1(7  the  current  through  the  galvanometer  is  zero  we  have 

(5) 


X  a 


R         b 

This  is  the  common  use  of  the  Wheatstone  bridge. 
If  in  equation   (4)  we  let 

Ki  =  Gb+aG4-bR  +  aR  +  ab 
Ko  =  aRG  +  bRG  +  Rba 

a  R  —  bx  ,,. 

^'  =  ^      K.x  +  K,  (^> 

Taking  the  derivative  of  (6)  with  respect  to  x, 

dig  ^  bk,  +  ki  aR  ,   . 


dx  "  (k^x  +  kj- 

bv  definition 

lg='F  e      or  (8) 

8  1.  _  -p. 

where  F  is  the  figure  of  merit  of  the  galvanometer  and  6  is  the 

deflection. 

dl^  8  1^       S^  /   X 

Now,  ~r-^  =  -.-/  •  -^—  (9) 

d  X  0  0        ox 

substituting  (9)  in  (8) 

d  I,      ^ 


8x 

substituting  (7)  in   (10) 

E(bk, +  kiaR) 


F  =     -r-^    8^  (10} 

d  X 


F=3     8^       ,,  ,   ,    ,2  (11) 

O  X 
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In  equation  (7)  it  is  to  be  noted  that  we  may  neglect  the  nega- 
tive sign  so  long  as  it  is  immaterial  which  way  the  current  changes 
with  increase  in  x.  In  equation  (ii)  we  are  concerned  only  with  the 
magnitude  of  the  current  change. 

The  calculations  in  (11)  are  much  simplified  by  making  a  =  b 
— :  R  =r  G.    Whence 

8E 

P=  8^,  ,  ^o  (12) 

— g^(5x  +  3a)- 
If  the  galvanometer  has  a  high  resistance  and  the  change  in  x 
(8  x)  is  very  small  compared  to  x  which  is  about  equal  to  a,  it  is 
often  convenient  to  use  the  approximate  formula, 

^  =  "1^87  (-3) 

8  X 

S  6 

— r —  is  the  chanq-e  of  deflection  per  ohm  changn?  of  resistance. 

The  following  is  a  sample  set  of  data  taken  in  the  Junior 
Physics  Laboratory  by  J.  L.  Stair.  The  approximate  formula  (13) 
is  used. 


E  volts 

5  X 
ohms 

5  e 

mm. 

5  (3 

a 
ohms 

F 

5  X 

amperes 

per  mm. 

.68 

I 

38.0 

38 

490 

.932(10)-^ 

.68 

2 

76.2 

38.1 

490 

.9301 10) -« 

.68 

3 

115. 8 

38.6 

490 

•917(10)-' 

.68 

4 

154-4 

38.6 

490 

.917(10)-^ 

.68 

5 

192.0 

38.4, 

490 

.922(10)-^ 

.68 

6 

231.6 

38.6 

490 

•917(10)"" 

mean 

value  F  = 

.923(10)-^ 

Table  Showing  Data  for  Determining  Figure  oe  IMerit  of  a 

Galvanometer. 

We  will  notice  from  the  previous  data  that  the  agreement  of 
the  results  indicates  an  accuracy  sufficient  for  most  galvanometer 
v.-ork.  As  the  factor  a  enters  the  equation  in  the  second  degree,  any 
error  in  its  dctcnuination  would  make  a  larger  error  in  the  final 
result.  It  is  evident  that  four  resistances  of  suitable  range  are 
necessarv. 
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However  students  make  most  errors  in  such  experimental  work 
from  careless  contact  resistances,  such  as  unclean  plugs  in  the  box 
and  in  making  other  connections.  One  of  the  particular  advantages 
of  this  method  is  that  the  experimenter  is  forced  to  get  the  value 
of  a  about  right  whether  all  the  box  resistances  are  right  or  not. 
C'therwise  the  galvanometer  will  not  approach  balance.  But  it  is 
not  necessary  to  get  an  exact  balance.  The  method  is  then  to  a  large 
degree  self  checking. 

Of  course  there  will  be  the  same  per  cent  of  error  in  the  final 
result  as  in  the  amount  of  resistance  changed.  But  8  ^  -f-  8  x  need 
not  involve  much  error  if  four  or  five  observations  are  taken. 
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CEXTER-BOUxXD  TRACK:    A  CAUSE  FOR 
SPREADING  RAILS. 


E.  Keough,  'o8.  Civil  Engineering. 


When  the  present  general  form  of  track  was  first  introduced 
it  was  thought  that  the  problem  of  track  construction  had  been 
solved.  However,  as  the  rolling  stock  became  heavier,  much 
<liiTficulty  was  experienced  on  account  of  light  rails,  poor  raii- 
fastenings,  etc.  Various  kinds  of  rails  were  tried  with  different 
degrees  of  success.  To  prevent  rails  from  spreading,  long  clumsy 
cast  iron  braces  were  placed  on  switch  leads,  guard  rails,  and 
curves.  While  these  braces  prevented  the  rails  from  moving 
laterally,  they  did  not  hinder  them  from  turning  over  outward ;  and 
consequently  the}'  have  been  replaced  with  various  kinds  of  shorter 
and  better  designed  braces. 

The  steel  tie-plate  is  perhaps  the  most  modern  device  for 
holding  rails  in  place,  and  when  well  designed  and  carefully 
placed,  it  has,  under  most  conditions,  many  advantages  over  the 
ordinary  rail  brace.  By  the  use  of  tie-plates  and  rail-braces  as 
well  as  through  the  general  improvement  of  track  structure,  many 
reputable  engineers  claim  that  the  spreading  of  rails  has  been 
practically  eliminated,  and  that  recent  accidents,  caused  by  the 
spreading  of  rails,  were  in  no  way  due  to  defective  track. 

It  is  the  intention  of  the  writer,  however,  to  show  how  such 
accidents  may  happen  even  on  a  first-class  rock  ballasted  road. 
When  a  train  i)asses  around  a  curve,  the  wheels  have  a  tendencv 
to  continue  in  a  straight  ])ath.  Through  the  front  outer  wheel 
of  the  truck,  a  lateral  force  acts  on  the  rail,  causing  an  outward 
movement  of  the  same.  According  to  \\'ellington  this  lateral 
thrust  is  equal  in  magnitude  to  757c  of  the  gravity  force  acting 
vertically.  Under  perfect  conditions  the  resultant  of  these  two  forces 
A\  ill  act  at  an  angle  of  about  65°  to  the  horizontal.  In  order  to  secure 
and  retain  this  ideal  condition,  experience  has  shown  that  the  tie 
nnist  be  so  adzed  that  the  rail  when  first  laid,  will  incline  slightly  in- 
ward. TrafiBc  soon  brings  the  tie  and  rail  into  the  desired  relation  and, 
in  so  doing,  affords  a  better  bearing  for  the  rail.  \\\\.h  rails  so  placed, 
the  friction  between  the  rail  and  tlie  tie,  and  the  holding  ]Knver  of  the 
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rail  fastenings,  overcome  the  lateral  thrust  and  keep  the  rail  in 
place. 

When  fine  ballast  is  used  the  centre  of  the  track  is  sometimes 
ridged  above  the  top  of  the  tie  with  the  intention  of  holding  the 
track  in  better  alignment.  This  practice  is  good  for  its  purpose, 
but  it  has  an  accompaning  fault.  Small  particles  of  the  ballast 
work  under  the  inner  flange  of  the  rail  and  cause  an  outward  in- 
clination of  the  same.  This  naturally  widens  the  guage  and  ren- 
ders conditions  favorable   for  rail   spreading. 

Spreading  rails  seldom  give  trouble  except  during  frozen 
weather.  When  the  ballast  is  not  frozen,  the  rail  fastenings  and 
the  friction  between  the  rail  and  the  tie  force  the  ties  to  move  out- 
ward with  the  rails  at  places  where  the  road  bed  is  weak.  When 
the  ballast  is  frozen,  however,  the  ties  are  held  firmly  in  place 
through  the  action  of  the  frost,  while  the  force  due  to  the  lurching 
of  the  cars  causes  the  rails  to  move  independently  of  the  ties. 
During  freezing  weather  any  small  amount  of  moisture  under  the 
base  of  the  rail  becomes  frost.  This  reduces  the  friction  between 
the  rail  and  the  tie,  and  thus  allows  the  most  of  the  lateral  thrust 
to  act  directly  on  the  outer  rail  fastenings. With  this  reduction  of  fric- 
tion, a  force  under  normal  conditions  not  at  all  dangerous,  may  easily 
produce  a  lateral  movement  of  the  rails.  The  spreading  of  rails 
is  not  confined  alone  to  curves,  but  happens  frequently  on  straight 
track.  This  is  often  due  to  low  rails  which  cause  the  cars  to  lurch 
toward  the  lower  side,  but  center-binding  is  the  main  cause  for  all 
kinds  of  spreading. 

On  first  class  roads  accidents  due  to  spreading  of  rails,  caused 
by  either  improperly  laid  rails  or  bad  surface,  are  few.  The  worst 
examples  of  spreading  rails  occur  on  fills  or  on  curves  which  en- 
circle hills.  Such  cases  are  most  often  caused  by  center-bound 
track — track  which  has  a  more  firm  bearing  under  the  centers 
than  under  the  ends  of  the  ties.  Track  becomes  center-bound  on 
fills  because  the  earth  is  more  compact  in  the  fill  under  the  center 
than  under  the  ends  of  the  ties.  This  allows  the  greatest  settle- 
ment where  the  most  weight  occurs.  On  double  tracked  roads  the 
outside  rails  are  over  the  weakest  part  of  the  fill  and  are  invariably 
the  ones  which  are  displaced  when  spreading  occurs.  Since  the  ballast 
contains  more  moisture  luider  the  center  of  the  track  than  in  the 
shoulder  at  the  ends  of  the  ties,  there  will  be  more  heaving-  bv  the 
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frost  under  the  center  than  at  the  ends  of  the  ties ;  and  afterwards,  the 
track  will  become  more  center-bound  than  before  freezing.  As 
thawing  occurs  last  under  the  centers  of  the  ties,  the  resulting 
ridge  of  frozen  ballast  will  cause  a  much  greater  bearing  at  the 
center  of  the  ties  than  under  the  rails,  and  consequently  produce 
a  worse  form  of  center-binding.  The  force  of  gravity  acts  through 
the  wheels  on  these  rails  in  exactly  the  same  manner  as  in  the 
case  of  tilting  rails  on  curves  or  of  low  rails  due  to  irregular  sur- 
face. Not  only  does  the  center-binding  increase,  but  through  the 
inclination  of  the  ties  due  to  center-binding,  friction  between  the 
rail  and  the  tie  becomes  less,  and  hence  the  spreading  of  the  track 
is  rendered  much  more  probable. 

One  of  the  best  roads  in  the  [Middle  West,  during  the  winter 
of  1905-06  had  an  unusual  amount  of  trouble  with  spreading 
rails  due  to  this  cause.  Several  places  were  found  where  the  rail 
had  spread  over  an  inch  and  a  half  in  a  single  night.  This  track 
appeared  to  be  in  first-class  condition,  and  was  a  portion  of  the 
best  division  on  the  system,  but  it  had  not  been  surfaced  out  of 
a  face  for  several  years.  Since  then  this  track  was  given  a  light, 
general  raise,  and  the  ties  were  tamped  only  eight  or  ten  inches 
inside  each  rail.  Not  a  single  case  of  spreading  occurred  during 
the  following  winter  of  1906-07. 

While  many  trackmen  have  not  recognized  the  fact  that  cen- 
ter-binding produces  spreading  rails,  yet  some,  aware  of  the 
cause  and  the  danger,  use  various  means  to  prevent  it.  One 
method  used  by  a  few  trackmen  is  to  tamp  only  the  ends  of  the 
ties  the  day  the  track  is  raised  and  to  finish  the  center  tamping  a 
day  or  two  later.  This  method  has  many  disadvantages,  but  the 
one  which  concerns  center-binding  is  that  the  tampers  often  raise 
the  track  slightly  by  tamping  the  centers  too  hard  and  thus  cause 
what  was  intended  to  be  avoided,  center-bound  track.  In  coarse 
ballast  the  track  should  be  tamped  only  ten  or  twelve  inches  in- 
side of  each  rail ;  and  in  ballast  which  does  not  drain  readily,  the 
centers  should  be  shovel  tamped  lightly  so  as  to  leave  no  large 
pockets  for  water.  A  good  example  of  a  perfect  bearing  track  is 
that  of  a  well-designed  bridge  which  has  the  stringers  placed  out- 
side the  rails.  Even  though  soft  ties  are  frequently  used  without 
tie  plates  or  braces  on  such  track,  spreading  never  occurs. 

In  order  to  secure  perfect  bearing  on  fills,  embankments  and 
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ballast  shoulders  should  be  much  wider,  and  ballast  should  be  dressed 
level  to  the  full  length  of  the  tie  to  avoid  unequal  heaving  of  the  bal- 
last under  the  tie.  The  ordinary  8-foot  tie  is  thought  by  many  track- 
men to  be  the  cause  of  center-binding  on  account  of  the  inequality 
of  the  bearing  surfaces  outside  and  between  the  rails.  On 
account  of  the  extra  amount  of  material  required  for  making 
longer  ties  there  will  probably  be  no  change  until  a  steel  or  concrete 
tie  takes  the  place  of  the  w^ooden  one.  A  reinforced  concrete  tie 
which  is  now  being  tried  on  the  Chicago  &  Alton  Ry.  is  made  in 
such  a  manner  as  to  have  no  bearing  in  the  center.  This  con- 
struction not  only  prevents  center-bound  track,  but  requires  less 
material  than  longer  ties  and  will  doubtless  prevent  track  from  be- 
cominsf  center-bound. 
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TESTS  OF  CHAIN  LINKS. 


By  M.  L.  Laurence  ]\IiLLsrAUGH,  '07,  Mechaxical  Engineering. 


As  the  uninitiated  looks  at  the  ordinary  chain,  he  seldom  real- 
izes the  difficulties  accompanying  an  analytical  investigation  of  the 
stresses  in  each  link.  Although  at  the  present  day  chains  are  used 
constantly  in  every  branch  of  engineering  work,  little  is  known 
concerning  the  forces  to  which  they  are  subjected.  AMien  a  chain 
breaks,  it  is  simply  made  stronger  next  time. 

So  far  as  known  there  are  only  three  analytical  investigations 
on  record  today.  Two  are  by  Germans,  Winkler  and  Grashof, 
while  the  third  is  by  Professor  G.  A.  Goodenough,  of  the  University 
of  Illinois.  Concerning  the  first  two  I  quote  from  a  discussion  of 
the  two  theories  by  Professor  Goodenough,  who  has  studied  them 
carefully.  "Both  are  faulty ;  Winkler,  by  making  an  assumption 
not  justified  by  fact,  underestimates  the  strength  of  the  link.  Gras- 
hof by  incorrect  reasoning  arrives  at  results  that  if  adopted  would 
lead  to  a  serious  over-estimation  of  the  strength  of  the  link."  Hence, 
neither  Winkler's  nor  Grashof's  analysis  could  be  applied  to 
modern  engineering  practice. 

In  a  thesis  presented  June,  1900.  Professor  Goodenough  gives 
an  elaborate  analytical  investigation  of  the  stresses  in  chain  links 
of  different  sizes  and  shapes.  The  fundamental  theory  tmderlying 
these  investigations  is  contained  in  Bach's  "Elasticitat  und  Festig- 
keit."  This  latter  consists  of  an  analysis  of  the  stresses  in  a  hollow 
cylindrical  roller.  Professor  Goodenough  extended  the  analysis  to 
links  with  elliptical  center  lines  ;  links  with  straight  sides ;  links  with 
stud  ;  links  of  Icmniscate  form  ;  and  links  with  center  lines  of  four 
and  six  circular  arcs,  making  the  circular  center  line  a  special  case. 

The  mathematical  analysis,  being  complicated  and  tedious,  is 
not  reproduced.  The  following  is  a  brief  outline  of  the  method  of 
attack.  The  load  on  the  links  is  denoted  by  2  O  ;  then  considering: 
one-half  of  the  link  as  a  free  body  the  external  forces  acting  are: 
J.  The  pressure  of  the  adjacent  link  along  the  surface  E  F  E,  the 
resultant  of  which  must  be  -2  0;  2.  Stresses  in  the 
sections  A  A  at  the  sides  of  the  link.  See  Fig.  i.  AMiile  the 
resultant  of  the  stress  in  the  section  A  A  has  an  unknown  line  of 
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action,  its  magnitude  must  be  Q  ;  hence  we  may  replace  it  by  a  force 
Q  acting  at  A',  the  center  of  the  section,  and  a  couple  of  moment 
Mq.  Consider  now  any  other  section  as  C  C  and  let  the  part  of  the 
link  between  sections  A  A  and  C  C  be  the  free  body.  This  body  is 
held  in  equilibrium  by  the  force  O  and  couple  Mg  at  the  section  A  A 
and  the  stresses  in  section  C  C.  Since  Q  acting  through  A'  does  not 
pass  through  C,  it  will  produce  a  moment  at  the  section  C  C  to 


Pig.  I — Showing  Method  of  Analysis. 


which  must  be  added  the  moment  Mo-  Besides  this  bending  mo- 
ment at  the  section  C  C,  there  is  a  force  normal  to  the  section  of 
magnitude  O  sin  <j),  and  a  force  lying  in  the  plane  of  the  section  of 
magnitude  O  cos  </>,  where  cf)  denotes  the  angle  which  the  plane  of 
section  C  C  makes  with  the  major  axis  O  K  of  the  link.  The  mo- 
ment is  held  in  equilibrium  by  a  stress  couple,  the  normal  force  by 
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a  uniform  tensile  stress,  and  the  tan^^ential  force  by  a  uniform  shear- 
ing stress.  As  is  usual,  the  shearing-  stress  is  neglected  in  compari- 
son with  the  normal  stresses. 

The  bending  moment  Mo  at  the  section  A  A  is  readily  deter- 
mined from  certain  geometrical  conditions ;  and  when  this  is  known 
it  is  easy  to  compute  the  bending  moment  and  normal  force  at  any 
section  of  the  quadrant  lying  between  sections  A  A  and  F  F.  With 
these  data  the  intensity  of  the  stress  at  any  fibre  of  the  section  may 
be  found.  Considering  the  line  of  contact  E  F  E  between  the  links, 
two  assumptions  may  be  made: — i.  That  the  load  is  concentrated 
at  the  point  F.  2.  That  the  load  is  distributed  over  a  certain  area 
E  F  E.  Winkler  assumed  the  point  contact ;  but  Professor  Good- 
enough  shows  in  his  thesis  that  this  assumption  is  wrong  for  ordi- 
nary chains.  He  assumes  the  line  of  contact  E  F  E  to  be  the  area 
cf  distribution  of  the  load.  Later,  actual  experiments  have  proven 
the  distributed  load  theory  to  be  correct.  In  fact  with  links  of 
ordinary  proportions,  the  action  between  two  links  is  practically  that 
of  a  journal  and  bearing.  This  distribution  reduces  in  a  consider- 
able degree  the  stresses  computed  on  the  assumption  that  the  pres- 
sure is  concentrated. 

These  stresses  of  course  can  not  be  measured,  but  the  analysis 
permits  of  an  estimation  of  the  probable  deformation  of  the  axes 
of  the  link  for  any  load.  Thus  in  Fig.  i,  when  the  link  is  placed 
in  tension  the  points  A,'  and  B,'  will  move  towards  the  center  of 
the  link  O,  and  also  towards  the  point  F,  due  to  the  stretching  of 
the  link.  By  means  of  certain  formula  which  comprise  part  of 
I'rofessor  Goodenough's  analysis,  we  can  predict  just  how  much  the 
change  will  be.  This  stretching  and  contracting  of  the  link  can  also 
he  actually  measured  by  a  suitable  device  when  the  link  is  placed 
in  a  testing  machine.  The  theoretical  and  actual  deformations  can 
then  be  plotted,  and  if  the  two  agree  we  may  assume  that  the  theory 
is  correct. 

As  a  thesis  for  the  degree  of  Bachelor  of  Science  in  ^Mechanical 
Engineering,  in  the  College  of  Engineering,  of  the  University  of 
Illinois,  presented  June,  1906,  ]\Ir.  R.  M.  Evans  conducted  a  series 
of  tests  upon  several  sets  of  commercial  chain  links,  and  applied 
Professor  Goodenough's  theory  to  his  results. 

yir.  Evans  carefully  plotted  all  of  his  data  and  obtained  several 
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sets  of  curves  showing  the  relation  between  the  elongation  of  the 
maior  and  minor  axes  of  the  links  for  different  loads.  Owing  to  lack 
of  time  he  was  unable  to  calculate  what  the  curves  should  be  ac- 
cording to  Professor  Goodenough's  theory. 

As  a  thesis  for  the  degree  of  Bachelor  of  Science  in  JMechanical 
Engineering,  to  be  presented  in  June,  1907,  Mr.  R.  L.  Baker,  and  the 
writer  have  taken  up  Mr.  Evans'  work  where  he  left  off.  It  is  our 
intention  to  obtain  theoretical  curves  for  Mr.  Evans'  data,  and 
further  to  make  another  series  of  tests  upon  commercial  links  of 
various  forms.  At  the  present  time  preparations  are  well  under 
way  for  the  testings  of  the  following  links.  Two  sets  of  B.  B.  B. 
chain  links,  i-inch,  2^-inch  pitch.  Two  sets  of  B.  B.  B.  chain,  i^- 
inch,  378-inch  pitch.  Two  sets  of  Dredge  chain.  2-inch,  5;K+-inch  pitch. 
Two  cast  steel  rings  made  especially  for  these  tests.  Each  ring  being  9 
inches  inside,  and  12  inches  outside  diameter,  and  i-inch  thick.  One 
wrought  iron  ring,  made  as  a  special  forging,  of  the  same  dimensions 
as  the  two  cast  steel  rings.  Two  steel  rings  cut  from  an  extra 
heavy  steel  pipe.  Each  about  8^-inches  outside  diameter,  34-inches 
thick,  and  i-inch  wide. 

The  rings  are  to  be  tested  with  a  specially  devised  apparatus 
containing  knife  edges  which  will  give  a  line  contact.  Hence,  these 
tests  will  come  under  the  theorv  of  concentrated  load.  The  com- 
mercial links  are  to  be  tested  under  conditions  resembling,  as  near  as 
possible,  those  of  links  of  a  chain  in  actual  use.  These  tests,  there- 
fore, will  come  under  the  theory  of  distributed  load.  The  writer 
regrets  exceedingly  that  at  the  time  of  writing,  the  results  of  the 
above  named  tests  are  not  available  for  publication.  The  computa- 
tions, however,  of  Mr.  Evans'  work  are  finished  and  the  curves 
of  Plates  I,  to  IV,  show  some  of  the  results  obtained. 

Plates  I,  and  II,  show  the  deformations  of  the  major  and  minor 
axis  of  a  dredge  chain  link.  This  dredge  chain  was  taken  from  the 
stock  of  Jones,  Laughlin  and  Company,  Pittsburg;  having  i-incb 
links,  with  3^-inch  pitch.  Plates  III  and  IV,  show  the  deforma- 
tions of  a  conveyor  chain  link,  obtained  from  the  Newhall  Iron 
Chain  and  Forge  Company.  The  link  was  taken  from  stock,  and 
was  a  I-inch  link  with  7-inch  pitch.  After  each  link  had  been  test- 
ed it  was  removed  from  the  machine  and  rested  for  a  few  days. 
Then  a  second  test  was  run  as  a  check  upon  the  first  results.     In 
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plates  II  and  IV  only  the  check  tests  are  shown,  as  the  curves  in 
these  cases  came  too  close  together  to  plot  on  a  reduced  scale.  The 
curve  sheets  show  that  the  results  are  uniform,  much  more  so  than 
could  be  expected  for  all  of  the  differences  are  in  .0001  of  an  inch, 
which  place  had  to  be  interpolated,  as  the  calipers  read  only  to  .001 
01  an  inch.  That  no  juggling  of  results  occurred  during  the  tests 
is  guaranteed  from  the  fact  that  Mr.  L.  E.  Moore,  Instructor  in 
Theoretical  and  Applied  Mechanics,  assisted  on  the  tests  by  taking 
down  all  data  as  measured.  In  obtaining  the  theoretical-  curves 
]\Ir.  Baker  and  the  writer  each  figured  out  the  deformations,  thus 
checking  the  results.  Professor  Goodenough  also  computed  the 
deformations  for  the  conveyor  link. 

Upon  the  strength  of  the  results  that  have  already  been  ob- 
tained, the  writer  feels  confident  that  the  experiments  which  are 
now  well  under  way  will  prove  conclusively  that  the  fundamental 
assumptions  of  Professor  Goodenough's  analysis  are  correct. 
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Dredge  Chain. 

Test   6.  Sample   5. 

First  Test  0.  Deformation  of  Major  Axis.        ClieeB  Test.  * 

Tlieoretical    Deformations.  Distributed    Load.  Six    Arc-Linlj. 
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Dredge  Chain. 

Test  6.  Sample  5. 

Deformation  of  Minor  Axis.  Check  Test.  * 

Theoretical    Deformations.  Distributed    Load.  Six    Arc-Link. 
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Plate  III. 

Conveyor  Chain. 

Test  4.  Deformations  of  Major  Axis.  Sample  2. 

First   Test  0.  Check   Test.  * 

Theoretical    Deformations.  Distributed    Load.  Six    Arc-Link. 
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Plate  IV. 

Conveyor  Cliain. 

Test  4.  Sample   2. 

Deformation  of  Minor  Axis.  Check   Test.  * 

Theoretical    Deformations.  Distributed    Load.  Six    Arc-Link. 


Iiisfaiifaucoiis  Telephony.  105 


SIMULTANEOUS  TELEPHONY 

AND 

POWER  TRANSMISSION  OVER  THE  SA^IE  WIRES. 


By  T.  H.  Amrine,  '06  and  C.  C.  Carr,    06, 
Electrical  Engineering. 


The  object  of  this  thesis  was  to  devise  a  method  of  simultaneous 
telephony  and  power  transmission  over  the  same  wires.  Messrs. 
Amrine  and  Carr  had  considerable  success  in  attaining-  the  result 
aimed  at  and  therfore  their  discussion  of  experiments  and  results  is 
given  below. 

The  advantages  of  being  able  to  use  the  wires  of  a  power  trans- 
mission line  for  telephony  between  the  substation  and  the  power 
house  or  between  two  substations  is  obvious.  Rendering,  as  it 
v/ould,  the  use  of  a  separate  telephone  wire  on  the  pole  line  un- 
nessary,  the  poles  could  be  made  shorter,  thus  decreasing  the  cost 
of  construction.  However,  where  there  is  any  clanger  from  the 
high  tension  current  to  the  operator  using  the  telephone,  the  safety 
of  the  device  is  of  much  greater  importance  than  cheapness  of  con- 
struction. In  telephoning  over  a  line  which  is  on  the  same  poles 
as  the  transmission  line  there  is  danger  both  from  direct  connection 
with  the  high  tension  current  and  from  a  static  shock  from  the 
charge  held  between  the  high  tension  wires  and  the  telephone  wires. 
V\'ith  a  telephone  wire  running  parallel  to  and  only  a  few  feet 
from  the  high  tension  wire,  a  slight  accident  may  make  a  cross 
between  the  two  circuits.  Moreover,  this  chance  of  accidental  con- 
tact between  the  circuits,  due,  for  instance,  to  a  broken  wire,  extends 
over  the  entire  length  of  line,  which  would  probably  be  several 
miles.  It  is  at  the  time  of  an  accident  of  this  kind  that  a  telephone 
is  most  needed  to  make  reports  regarding  the  accident  and  to  give 
orders  for  repairs,  but  it  is  then  that  the  use  of  the  telephone,  if 
not  impossible,  is  most  dangerous.  By  using  the  high  tension  wires 
for    simultaneous    telephony    and    power    transmission    and    having 
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only  an  inductive  connection  between  them  and  the  telephone  ap- 
paratus, the  chance  of  accidental  contact  of  the  two  circuits  is  lo- 
calized to  a  portion  of  the  circuit  that  may  be  thoroughly  insulated 
and  protected.  For  this  reason,  the  danger  from  direct  contact  with 
the  high  tension  current  is  much  decreased.  Since  no  separate 
telephone  wire  is  used,  of  course  the  danger  from  a  static  charge 
is  eliminated. 

The  principle  upon  which  the  entire  set  of  experiments  per- 
formed is  based  is  that  the  power  current  has  a  frequency  generally 
of  either  25  or  60  cycles  per  second  while  the  telephone  current  has 
a  frequency  of  from  about  300  to  500  cycles  per  second.  A  method 
of  separating  the  rather  low  frequency  of  the  power  current  from  the 
high  frequency  of  the  telephone  current  is  then  the  first  thing  nec- 
essary for  a  satisfactory  solution  of  the  problem. 

Since  a  large  inductance  will  act  almost  as  an  open  circuit 
for  very  high  frequencies,  but  will  allow  a  low  frequency  to  pass 
through  with  much  greater  ease,  and  since  a  very  small  condenser 
has  the  reverse  efifect,  that  is,  offers  a  much  less  impedance  to  a 
high  frequency  than  to  a  low  one,  it  was  thought  that  the  proper 
adjustment  of  capacity  and  inductance  would  separate  the  two  cur- 
rents of  different  frequencies. 

The  first  experiments  were  conducted  for  the  purpose  of  find- 
ing how  small  a  condenser  could  be  used  to  talk  through  satisfac- 
torily and  at  the  same  time  cut  down  the  low  frequency  current 
sufiiciently  so  as  not  to  interfere  with  conversation.  Apparatus  was 
connected  as  in  Fig.  i.  In  this  figure  S  is  a  rheostat,  C  a  small 
condenser  consisting  of  two  sheets  of  tin  14  inches  square,  separated 
b}  a  piece  of  ordinary  bond  paper,  R  the  receiver,  T  the  transmitter 
and  G  is  an  alternator  giving  no  volts  at  60  frequency.  It  was 
found  that  the  condenser  had  a  capacity  great  enough  to  make 
talking  through  it  possible.  When  the  voltage  was  cut  down  to 
from  50  to  70  volts  by  means  of  the  rheostat  there  was  scarcely 
any  sound  in  the  receiver  from  the  alternating  current,  but  when 
the  pressure  was  increased  to  1 10  volts,  the  sotmd  was  more  audible, 
but  did  not  seriously  hinder  conversation. 

The  experiment  to  ascertain  approximately  the  size  of  induc- 
tance necessary  to  satisfactorily  separate  the  two  frequencies  was 
made  with  connections  shown  in  Fig.  2.  L  was  the  inductance,  the 
necessary  size  of  which  was  to  be  determined.  C  a  small  condenser. 
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and  I  the  ordinary  telephone  induction  coil.  It  was  found  that  L 
must  be  a  very  large  inductance,  for  instance,  that  of  the  primaries 
of  three  I-K  W.  transformers  and  a  condenser  at  C  consisting  of 
only  two  sheets  of  tin  foil  4  inches  square  separated  by  ordinary 
bond  paper  was  necessary  to  secure  approximate  silence  of  the  al- 
ternating current. 

The  connections  in  Figs,  i  and  2  are  not  attempts  at  telephoning 
over  the  transmission  line,  but  are  simply  to  give  an  idea  of  the  size 
of  inductance  and  capacity  necessary  for  the  proper  balancing  of 
the  low  frequency  high  tension  current  and  the  telephone  receiver. 
The  first  scheme  used  in  the  attempt  to  telephone  over  the  trans- 
n.ission  line  was  that  shown  in  Fig.  3.  The  transmission  line  was 
a  no  volt,  60  cycle  line  feeding  incandescent  lamps  for  a  load.  S  is 
a  series  transformer  having  a  ratio  of  8  to  i.  L  is  a  large  inductance 
consisting  of  the  primaries  of  three  I-K  W.  transformers.  The 
double  pole  double  throv/  switch  made  it  possible  to  throw  the  tele- 
phones together  on  a  direct  circuit  so  that  the  operators  could  be 
in  communication  whether  it  was  possible  to  talk  over  the  trans- 
mission line  or  not.  C  was  the  small  condenser  described  before 
and  I  is  the  induction  coil. 

The  theory  of  this  scheme  is  as  follows :  The  high  frequency 
telephone  current  produced  at  the  transmitter  passes  through  the 
induction  coil  and  the  series  transformer  out  on  the  line  to  the 
other  series  transformer  and  into  the  local  telephone  circuit  at  the 
receiving  station  R.  The  high  inductance  L  provides  no  easy  path 
for  this  high  frequency,  so  that  the  telephone  current  passes  on  to  the 
receiving  circuit  containing  the  condenser.  This  condenser  per- 
mits the  current  to  pass  through  it  and  the  receiver,  thus  reproduc- 
ing the  sound  made  at  S.  The  low  frequency  power  current  which 
also  comes  through  the  series  transformer  into  the  local  circuit  is 
short  circuited  by  the  inductance  L  and  the  secondary  of  the  in- 
duction coil  I  instead  of  passing  through  the  condenser  and  re- 
ceiver which  offer  a  high  impedance  to  the  low  frequencies. 

With  this  scheme  talking  was  found  to  be  possible  over  the 
total  variation  of  pressure  used,  that  is,  from  no  volts  to  440  volts 
with  equal  ease,  but  the  inductance  used  was  large  and  costly  and 
the  balance  between  the  capacity  and  inductance  was  lost  as  soon  as 
the   load  changed.     This,   of  course,   renders   this   scheme   unprac- 
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ticable,  because  in  practice  the  load  current  varies  considerably  from 
moment  to  moment. 

An  attempt  was  next  made  to  introduce  a  condenser  in  series 
A\ith  L  of  such  a  capacity  that  for  60  frequency  there  would  be  a 
condition  of  resonance  established  in  that  part  of  the  circuit.  The 
connections  are  shown  in  Fig.  4.  L  and  C  were  adjusted  to  re- 
sonance as  nearly  as  possible.  C  was  a  condenser  smaller  than  any 
used  before,  composed  of  two  sheets  of  tin  foil  i^  inches  square 
with  paraffine  paper  insulation.  It  was  found  that  by  the  proper 
adjustment  of  L  and  C,  the  system  could  be  balanced  almost  per- 
ftxtly  for  any  one  load  so  that  no  sound  of  the  alternating  current 
was  noticeable,  but  when  the  load  was  changed  the  balance  was 
lost.  The  trouble  la}'  in  the  fact  that  L  must  be  large  in  order  to 
keep  the  voice  currents  from  being  shunted  around  the  receiver  and 
consequently  the  inductance  coil  L  must  have  an  iron  core  so  as  to 
reduce  its  size  to  practicable  dimensions.  With  iron  in  the  core, 
however,  the  inductance  changes  rapidly  with  the  current  since  the 
iron  is  being  worked  low  on  the  magnetization  curve.  Hence  L  and 
C  do  not  remain  in  resonance  and  the  scheme  is 'really  the  same  as 
that  of  Fig.  3  as  soon  as  the  load  changes  any  amount.  It  looks 
reasonable  that  with  an  inductance  at  L  without  iron  the  system 
would  remain  adjusted  for  any  load.  The  function  of  L  C  is,  of 
course,  to  provide  an  approximate  short  circuit  for  the  low  frequency 
current  since  the  inductance  and  capacity  are  in  resonance.  It 
helps  prevent  this  current  from  passing  through  the  receiver  R  and 
is  aided  in  this  by  the  very  small  condenser  C.  L  C  is  not  in  re- 
sonance for  a  current  of  voice  frequency  and  since  C  has  a  very 
small  reactance  for  this  frequency  it  is  practically  the  same  as  a 
simple  inductance  which  will  prevent  the  voice  currents  from 
shunting  around  the  receiver.  L  hence  must  be  larger  in  induc- 
tance than  the  secondary  S'  of  the  series  transformer,  in  fact,  what 
is  wanted  is  a  difference  of  inductance  between  L  and  S'  in  favor  of 
L.  This  might  be  done  by  increasing  the  inductance  of  L  and  sug- 
gested the  abolishment  of  the  series  transformer  and  the  trial  of  a 
scheme  using  static  induction  between  the  line  and  the  local  tele- 
phone circuit. 

In  the  scheme  using  static  induction,  a  grounded  telephone  cir- 
cuit was  used.     The  connections  are  shown  in  Fig.  5.     C  -was  the 
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small  condenser  used  in  the  last  scheme  tried  and  C  was  a  larger 
condenser  consisting  of  four  sheets  of  tinfoil  about  two  inches  square. 
I,  was  an  inductance  consisting  of  the  low  current  coil  of  a  West- 
ingliouse  8  to  i  switchboard  current  transformer.  Care  was  taken 
to  have  both  grounded  telephone  circuit  on  the  same  side  of  the  line. 

For  no  volts  on  the  line,  this  scheme  worked  admirably,  the 
talking  being  very  distinct  an^  the  alternating  current  being  scarce- 
ly noticeable.  The  load  was  changed  from  2  to  22  amperes  w-ith 
no  difference  in  the  talking  or  in  the  noise  of  the  alternating  current. 
440  volts  were  then  tried  on  the  line  with  5  lamps  in  series  for  a 
load.  While  the  sound  of  the  high  pressure  current  was  not  a  seri- 
ous hindrance  to  talking,  it  was  at  once  concluded  that  this  system 
would  not  be  satisfactory  for  high  voltages,  because  if  C  were 
made  small  enough  to  cut  down  the  current  in  the  telephone  circuit 
so  that  the  alternating  current  would  not  be  heard,  then  it  would  be 
so  small  that  it  would  be  impossible  to  talk  through  it.  Hence  this 
scheme  was  abandoned. 

Two  of  the  schemes  described  had  each  been,  so  to  speak,  half 
a  success.  The  one  shown  in  Fig.  3  w^orked  well  for  any  variation 
of  pressure,  but  it  was  possible  to  use  it  only  if  the  current  on  the 
line  remained  constant.  The  scheme  shown  in  Fig.  5  was  found  to 
be  impossible  on  high  voltages,  but  it  w^ould  work  equally  well  with 
any  current  which  was  put  on  the  line.  An  attempt  to  combine  the 
good  features  of  both  schemes  resulted  in  using  the  connections 
show^n  in  Fig.  6.  S  was  an  ordinary  telephone  induction  coil  used 
as  a  series  transformer.  Care  was  taken  to  have  both  telephone 
stations  connected  to  the  same  side  of  the  line.  The  receiver  circuits 
should  be  grounded  as  a  protection  to  the  person  using  the  telephone 
in  case  of  failure  of  the  insulation  between  the  two  coils  of  S  and 
a  ground  on  the  other  side  of  the  line.  As  a  protection  to  the  trans- 
mission line  in  case  of  a  ground  on  the  other  side,  a  high  resistance 
should  be  introduced  in  the  ground  circuit  at  each  end  and  a  high 
tension  circuit  breaker  introduced.  This  would  give  perfect  protec- 
tion to  the  operator  and  to  the  transmission  line  in  case  of  accidents. 
A  pressure  of  no  volts  was  used  at  first  with  this  system  with  a 
load  of  two  no  volt  lamps.  The  telephone  talked  well  and  the  al- 
ternating current  was  almost  absolutely  quiet.  The  load  was  increased 
to  2)2  lamps  but  no  difference  could  be  noticed  in  the  soimd  of  the  al- 
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ternating  current ;  it  remained  very  quiet.  Four  lamps  were  then  put  in 
scries  and  440  volts  were  impressed  on  the  line.  The  sound  of  the 
alternating  current  was  no  louder  than  at  no  volts.  The  load  was 
then  increased  to  four  times  the  former  amount,  but  the  talking 
continued  to  be  very  satisfactory.  An  inductance  coil  containing 
iron  and  of  a  fairly  high  resistance  was  introduced  in  the  line  to 
approximate  the  conditions  in  a  lorfger  line,  but  neither  the  talking 
nor  the  sound  of  the  alternating  current  was  changed  at  all  as  far 
as  the  ear  could  determine. 

All  the  experiments  up  to  this  time  had  been  on  the  lines  in 
the  laboratory,  but  to  try  this  last  scheme  on  a  higher  voltage  than 
had  yet  been  tried,  an  experimental  line  several  hundred  feet  long 
was  constructed  out  of  doors  with  a  transformer  for  stepping  the 
pressure  up  to  2200  volts.  The  apparatus  was  put  on  this  line  and 
loads  on  the  secondary  of  the  step-down  transformer  varying  from 
I  to  17  amperes  were  used.  The  telephone  seemed  to  talk  as  well  as 
it  did  over  the  lower  voltage  line  and  the  sound  of  the  alternating 
current  sounded  nO'  louder  than  for  no  volts.  In  fact  the  scheme 
worked  in  a  very  satisfactory  manner  and  with  some  refinement  in 
apparatus  and  adjustments  it  seems  probable  that  it  could  be  made 
a  commercial  success. 
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FORCE  AND  AIASS  REDUCTION. 


By  AIvWIn  Schaller,  '07,  Mechanical  Engineering. 


In  many  of  the  problems  arising-  in  the  kinetics  of  mechanisms 
it  is  convenient,  even  almost  necessary,  to  reduce  the  masses  under 
consideration  to  kinetically  equivalent  masses  at  certain  chosen  points, 
and  similarly  to  reduce  the  forces  acting  throughout  the  mechanism 
to  an  equivalent  system  of  forces  having  chosen  lines  of  action.  In 
the  following  paragraphs  we  shall  take  up  the  general  principles  of 
force  and  mass  reduction  and  then  show  the  application  of  these 
principles  to  certain  well  knowm  mechanisms. 

W' hen  masses  are  reduced  from  one  point  of  a  system  to  another 
the  dynamic  conditions  must  remain  the  same,  that  is,  the  velocities 
and  accelerations  of  the  moving  masses  must  remain  unchanged  by 
the  reduction.  In  order  that  these  conditions  may  obtain,  the  kinetic 
energy  of  the  reduced  system  at  any  instant  must  be  equal  to  the 
total  kinetic  energy  of  all  the  separate  masses  of  the  original  system 
moving  at  that  instant. 

General  expressions  which  can  be  used  for  reducing  the  mass 
of  a  body  to  any  point  will  now  be  deduced.  The  following  notation 
w'ill  be  used  in  all  subsequent  work.  Original  masses  will  be  denoted 
by  Roman  capitals  with  suitable  subscripts ;  reduced  masses  with 
corresponding  script  capitals,  the  principal  moment  of  inertia  by 
1  and  the  corresponding  radius  of  gyration  by  k. 

The  first  case  to  be  considered  is  the  reduction  of  a  rotating 
mass  to  any  point  in  the  same  plane  of  rotation. 


Fig.   I. 
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In  Fig.  I  let: 

M  =  mass  of  rotating  body. 

I  =  principal  moment  of  inertia. 

r  r=:  moment  of  inertia  with  respect  to  axis  of  rotation. 
O  =  center  of  rotation. 
P  z=  point  to  which  mass  is  to  be  reduced. 
G  =  center  of  gravity. 

r  =  distance  from  O  to  P. 

d  =  distance  from  O  to  G. 
d^ 

—  =  angular  velocity, 
dt 
Take  any  element  of  mass  d  M  at  a  distance  x  from  O,  and  let  d  M 
be  corresponding  element  reduced  to  point  P. 

/   r]  ft     2 

The  kinetic  energy  of  particle  d  M  =  ^  d  M  x-f  -.     j 

/  d  /9   2 
The  kinetic  energy  of  particle  d  M  =  y2  d  M  r-  (^~\ 


Hence 


d^\2 


^<.Mx=(i()L,/.dMr=(;Ji) 

and  therefore  f  d  M  x-  =  r=  f  d  M 

But  r    d  M  X-  =  r  =:  Mr- 

r  I+Md' 

whence  M  =:  -^  = 


r-  r- 

This  equation  stated  in  words  is  as  follows :  The  reduced  mass  at 
any  point  is  equal  to  the  moment  of  inertia  divided  by  the  square 
of  the  distance  front  center  of  rotation  to  the  point  of  reduction. 
The  equation  may  be  used  for  solving  various  problems  relating  to 
rotating  bodies ;  and  in  many  cases  the  solution  is  thus  considerably 
simplified.    A  few  examples  will  serve  to  illustrate  the  application. 

The  body  shown  in  Fig.  2  is  made  to  rotate  by  a  weight  W  which 
is  fastened  to  a  cord  wrapped  about  a  cylindrical  portion  of  the  body 
of  radius  r.  It  is  required  to  find  the  acceleration  of  the  weight  and 
of  the  rotating  body. 

Let  a  =  acceleration  of  W. 

a  =r  angular  acceleration  of  rotating  body. 
8—1.   U. 
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Reduce  the  rotating  mass  to  a  point  on  surface  of  the  cyUnder. 

The  total  mass  is  —  +  — 

The  force  acting  is  the  weight  W. 
Since  F  =  m  a. 

Lr-         g  J 

JVVg_ 
I' 


we  have 

\\' 

- 

whence. 

a 

\\' 

~  rr 

-  +  - 

W 

But  a  = 
therefore 

r 

a; 

( 

7    =: 

[^+  w] 


We 


r 


Lr  or  -' 


In  Fig.  3  let  I'  =z  moment  of  inertia  of  the  disc  with  respect  to  o. 
W  =  weight  of  rotating  body. 

r  =  radius  of  center  of  gravity, 
r  =  radius  of  Q. 
R  =r  radius  of  P. 
a  ^  acceleration  of  P. 

r_ 

R=^ 


W  reduced  to  the  radius  of  P 
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r         P  O  r 

Total  mass  moved  ttt  +  —    +  ^^^ 

R-        g  gR 

The  forces  acting  are  P,  O  and  Wr    cos  9;  hence  the  total  force 

W;  cos  d         Qr 

~    R 


at  radius  R  is  P  + 


We  have  therefore  P 


R 

Wr  COS  6        CJj  _   rr_       J^        Qr 
R         ~  "r     ~  Lr2  +    g    +   Rg. 


or  a 


PR  +  Wrcos^  —  Or 

[il  +  PR  +  Qr-- 

LR         g  g   J 

The  acceleration  for  any  given  angle  of  d  can  now  be  computed. 


Fig.  3. 


The  advantage  of  using  reduced  masses  in  the  solution  of  the 
preceding  problems  is  now  evident.  The  problems  can  be  solved  at 
once  from  one  equation,  while  if  the  method  of  moments  is  used 
the  acceleration  is  found  by  solving  simultaneous  equations  with 
three  or  more  unknowns. 

The  second  case  is  the  reduction  of  a  mass  having  motion  of 
translation  to  a  point  of  a  rotating  system. 
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Fig    4. 

In  Fig  4  let  M  =  mass  of  body  A, 

— -^  =  velocity  of  A. 
dt 

P  =z  point  to  which  A  is  to  be  reduced. 

d  B 

-    =:ang-ular  velocity  of  B  about  center  of  rotation  O. 
dt  *= 

d  JNI  =  element  of  mass  of  body  A. 
d  M  =  element  reduced  to  P. 


Kinetic  energy  of  particle  d  M  =  3^  d  AM  -^ — j 
Kinetic  energy  of  particle  d  M  ^  jA  d  M  y~ — ) 

therefore  /.  d  M  (^)'  =  /.  d  M  (|^)' 

/djcy 
M  Vdt  / 


or  -1/ 


Vd  t  / 


Before  this  expression  can  be  determined  the  relation  between 

d  X  fl  ^ 

J  ^  and  ,     must  be  known.     This  relation  is  given  bv  the  geometry 

d  t  d  t  &  .  &  . 

of  the  figure.    Take  for  example  the  familiar  slider  crank  mechanism. 
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In  Fig.  5  let  r  =  radius  of  crank. 
1  =  length  of  con.  rod. 
M  =  mass  of  reciprocating  parts. 
It  is  required  to  reduce  the  reciprocating  mass  M  to  the  radius  of 
the  crank.     From  the  preceding  equation  it  is  evident  that  the  ve- 
locity of  the  crosshead  must  be  fovmd. 
From  the  figure 

OS  =  x  =  r  +  l  —  rcos^  VI'  —  r-  sin-  d, 


whence 


d_x 
df 


d^ 


dt   ^   VI 


1-  sin  6  cos  6 


dt 


But  ^   =  oj   the  angular  velocity  of  the  crank, 
d  t 


therefore 


dx 
dT 


:=  r  OJ  [sin  6  -j- 


[1^/ 


sin  6  cos  B        -■ 
r2  _sin-^]>^J 


r-  (0-  M  t  / 


sin  6  cos  B 


vS 


now  M  - 

therefore 

M  =  M  [sin  B  +    .,.,    ^     ,          ■   onij/ 
L  '      [1-  /  r-  —  sm-  B\y2- 

This  expression  is  often  simplified  by  the  introduction  of  approxima- 
tions which  are  allowable  when  the  ratio  of  the  connecting  rod  to 
the  crank  is  large.  This  condition  obtains  when  the  mass  of  a  valve 
and  valve  rod  are  reduced  to  the  radius  of  the  eccentric,  as  in  the 
followins:  case. 


V//////. 

R 

C\.. 

/■ 

•\^^ 

V////// 

4 

\ 

Fig  6. 
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In  Fig".  6  let  ^[  =:  mass  of  valve  and  rod. 
X  =  radius  of  eccentric. 

d^  ,  ,       •  r 

~ — =  an2:ular  velocity  of  eccentric. 
dt  '^  ^ 

then  the  linear  velocitv  of  A  is  r  -  -  ; 

d  t 

d  8 
and  the  velocity  of  B  is  approximately  r  .     sin  0 

therefore     ' 

,,        M  Vdt/        Mr-  \dt)  sm-e       ^,   .   .  ^ 

M  =  ~~^ —  =  —^  ,  .  ..  =  :\I  sin-  e 

r-    /d6\  o       r-     (de)^ 

\Tt)  VI  t  ^ 

The  last  case  to  be  considered  is  the  reduction  of  the  mass  of 
any  link  of  a  machine  to  some  point  on  another  link. 

Let :     I  =  principal  moment  of  inertia  of  link  n  of  a  system. 
I'f,,  rr:  moment  of  inertia  with  respect  to  its  instantaneous 
center, 
in  =  instantaneous  center  of  link  n. 
oiin  =  angular  velocity  (about  inst.  center.) 
ip  =  instantaneous  center  of  p. 
E  =  point  on  link  p  to  which  n  is  to  bt  reduced. 
r  =z  radius  of  E  from  ip 
o),n  =:  angular  velocity  of  link  p. 
l'i^  =  I  +  M  [in  — Gi„]^ 
Kinetic  energy  of  link  n  =:  )^  I'in  w-i„ 
Kinetic  energy  of  reduced  mass  =  Yz  M  r-  w,-„- 
Hence  J/l  M  r-  w-pi  =  Yz  !',■„  w2,„ 

or  M  =  ^'"'  '"""'    -    ^J  [^"  +  [in  —  G„]-]  oy-jn 

w"pt  r-  r-  M'ip 

To  illustrate  the  use  of  these  expressions  just  derived  we  will 
take  an  existing  flyball  governor  and  reduce  all  masses  to  the  center 
of  the  ball.  Two  conditions  should  be  carefully  noted.  The  motion 
of  the  governor  about  its  own  axis  is  not  considered.  The  fly  weight 
is  given  a  slight  movement  and  the  kinetic  energy  of  all  of  the  links 
is  that  due  to  the  velocity  which  is  obtained  by  this  motion.  It 
should  also  be  observed  that  for  every  expression  derived  for  reduced 
mass  one  of  the  factors  always  is  the  ratio  of  the  velocities.  This 
shows  that  the  rate  which  the  mechanism  is  moving  does  not  affect 
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the  result,  because  the  ratio  of  velocities  of  two  links  depends  only 
upon  the  geometry  of  the  figure. 


Fig.  7. 


Fig.  7  is  a  sketch  of  the  governor  on  the  York  Ice  Machine  in 
the  Mechanical  Engineering  Laboratory. 

Let :  d  «i  =  element  of  mass  reduced  to  P 

I  z=z  moment  of  inertia  of  link  A  B  P  with  respect  to 
center  or  rotation. 
L  =  moment  of  inertia  of  link  C  B  with  respect  to  in- 
stantaneous center  of  rotation. 
Mj  =r  mass  of  D. 
M2  ^  mass  of  E. 

L  =  moment  of  inertia  of  F  with  respect  to  center  of 
rotation. 

Mg  =  mass  of  G. 
M4  :=  mass  of  E. 
I3  =:  moment  of  inertia  of  I  and  J  with  respect  to  cen- 
ter of  rotation. 


120  TJic  Tcchnograph. 

d  (9 
The  governor  has  an  angular  velocity  -. —  about  pin  A. 

d  6 
Linear  velocitv  of  P  ^  b^;— 

d  t 

Kinetic  energy  of  A  B  P  =:  3.-2  I  ( —  ) " 

\a\.  ' 

Kinetic  energy  of  d  ni  ^=  d  ni  — l-r-  ) 

2   Vdt/ 

Therefore  K'ir^)^=  2d.  ^-(4-^)^ 
^       Vd  t/  2  vdt/ 

or  M  =  -7^  mass  of  link  A  B  P  reduced  to  P. 

Link  C  B  rotates  about  instantaneous  center  O.     Linear  velocity  of 

dd    ,        ,  ,  ,     •        ,  ^  .      a   d^ 

B  is  a  -, —  therefore  angular  velocitv  about  U  is  -    -r- 

d  t  '  s    d  t 

.  ^    /a    d  (9  \2 
Kinetic  energy  =  >^  l^  (^—  — ^ 

and  as  before  >4  Iii^^jj;-  =  ^^^:^  ^(d:^) 

s-b- 

j  /) 

Point  C  has  linear  velocitv  h  —  — r-   which  is  also  velocity  of  D  and 

-        s    dt 

a  close  approximation  to  that  of  E.     We  shall  therefore  consider  D 

and  E  as  one  body. 

We  have  therefore  directlv  M..  =  

^   ilTt) 

—  Ml  +  Mo  ^  1^   .    A_]"  (,„ass  of  D  and  E  reduced  to  P.) 

The  angular  velocitv  of  F  is      •  -  -  ,     and  its  kinetic  energv  is 

c      s     d  t  *- 

II  rh_  _a  d^"|- 

2    Lc  ■  s     d  t-' 

2  L  c     s    d  tJ  •*   2   ^-d  t^ 

M.  =  I.,ri-  ^--11'        mas  of  F  reduced  to  P 
"Lb     c     s  J 
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The  motion  of  the  rods  G  and  H  may  be  taken  as  a  translation. 
Ihe  velocity  is  d  . •  — j— 


Therefore  M,  =  M 


c       s      d  t 

h       a   d6i^. 


_L c_     s    d  tJ 

d^ 


In  the  same  way. 

.      d       h       a       c\d 
Angular  velocity  of  link  I  is  —  •        •        •  — 


and  its  kinetic  energy  is 


_h_[  d     h     a     df^T' 
2Le     c      s     dtJ 


As  /  and  /  are  of  the  same  size  and  have  same  velocity  the  last  ex- 
pression also  gives  the  mass  of  /  reduced  to  P. 

The  addition  of  the  quantities  just  obtained  gives  the  reduced 
mass  of  all  links  of  the  governor  that  accumulate  kinetic  energy. 
It  is  at  once  evident  that  this  sum  varies  for  each  configuration  of 
the  mechanism.  If  this  reduced  mass  were  calculated  for  several 
different  positions  and  a  perpendicular  erected  upon  a  straight  line 
base  directly  below  the  point  P  and  equal  to  the  quantity  thus  ob- 
tained a  smooth  curve  through  these  points  would  give  the  reduced 
mass  curve.  When  this  curve  is  once  obtained  the  reduced  mass 
for  any  position  of  the  governor  can  be  scaled  from  the  curve. 

In  the  preceding  discussion  analytical  methods  were  used  en- 
tirely simply  for  the  sake  of  clearness.  For  complicated  mechanisms 
however,  the  expressions  for  velocities  become  so  long  and  involved 
that  it  is  necessary  to  substitute  graphical  methods.     This  may  be 
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done  by  means  of  instantaneous  centers  or  velocity  polygons.  The 
latter  method  gives  an  elegant  solution  because  when  a  velocity 
polygon  has  been  constructed  it  gives  the  velocity  of  every  point 
of  the  mechanism. 

Force  Reduction. — Whenever  a  mechanism  changes  its  con- 
figuration, energy  is  imparted  to  it  by  forces  arising  from  the  ac- 
celerations of  the  moving  masses.  In  order  to  effect  a  reduction 
of  these  forces  to  some  point  the  following  condition  must  hold. 
The  energy  imparted  to  the  reduced  system  must  be  the  same  as  that 
imparted  to  the  actual  system.  In  other  words,  the  work  of  the  re- 
duced force  for  any  interval  of  time  must  be  equal  to  the  sum  of  the 
works  performed  by  the  actual  driving  forces  for  the  same  interval. 

Force  is  usually  defined  as  the  action  of  one  body  upon  an- 
other that  tends  to  change  motion,  either  in  direction  or  magnitude. 
In  fact  the  term  force  was  introduced  to  account  for  the  observed 
changes  of  motion  of  bodies.  Our  first  conceptions  of  force  are 
founded  on  our  experience  with  forces  exerted  by  ourselves. 

The  first  force  to  be  considered  acting  upon  the  links  of  a  ma- 
chine is  the  force  of  gravity  or  simply  the  weight.  The  reduction 
of  this  force  should  not  be  confused  with  the  reductions  of  the 
masses,  given  in  a  previous  paragraph.  The  remaining  forces  which 
arise  are  due  to  the  accelerations  of  the  moving  masses.  Let  us 
first  consider  the  simplest  case,  namely,  that  of  a  body  rotating 
about  a  fixed  center,  see  Figf.  8. 


ru) 
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Let  P  be  any  point, 

G  the  center  of  gravity ; 
O  the  center  of  rotation ; 
r  the  radius  of  G ; 
h  the  distance  fro-^i  O  to  P ; 
X  the  distance  from  G  to  P. 
Also  let  w  =  angular  velocity. 

a  =  angular  acceleration. 
I  =  principle  moment  or  inertia, 
r  =r  moment  of  inertia  with  respect  to  O. 
The  acceleration  at  P  may  be  divided  into  two  components  the 
tangential  and  the  normal.    The  value  of  the  former  is  h  a  and  that 
of  the  latter  h  or.    For  convenience  of  summation,  the  rotation  about 
O  may  be  replaced  by  a  rotation  about  G  with  an  equal  angular 
velocity  oj,  and  a  translation  which  must  be  perpendicular  to  O  G. 
The  acceleration  components  of  P  will  now  be  the  acceleration  due 
to   the   rotation   about   G   and   the   acceleration    due   to  translation 
which  is  common  to  all  points  of  the  body.     These  components  are 
also  shown  in  the  figure. 

Let  A  M  denote  an  element  of  mass  at  point  P ;  the  accelerating 
forces  at  P  are  found  by  multiplying  the  acceleration  components  by 
A  M.  By  D'Alembert's  principal  these  forces  reversed  in  sense  will 
hold  the  external  forces  acting  on  A  M  in  equilibrium.  The  re- 
versed forces  are  in  the  figure.  We  will  now  sum  each  of  these 
forces  for  the  entire  body. 

2  r  w=  A  M  —  M  r  CO-  =  F  r 
The  forces  A  M.  r  w-  form  a  system  of  parallel  and  equal  forces, 
therefore   they  have  a   single  resultant   which   passes   through   the 
center  of  gravity    The  forces  r  a  A  M  are  all  equal  and  perpendic- 
ular to  O  G.     They  therefore  have  the  single  resultant. 

2  r  a  A  M  =  AI  r  a  =  F  ;- 
To  find  the  resultant  of  forces  x  oj-  A  M  resolve  them  into  compo- 
nents parallel  and  perpendicular  to  O  G.     Then 
2  X  a>-  A  M  cos  ^  =  O 
2  X  0)2  A  M  sin  ^  =  O 
The  resultant  of  this  system  therefore  reduces  to  zero. 

There  now  remains  the  forces  x  a  A  M.     The  moment  of  the 


124 


The  Techno  graph. 


force  X  a  A  M  about  G  is  x-  a  A  M.    The  summation  gives  as  the 
total  moment, 

AI  =  2  X-  a  A  ^I  =  a  2  X-  A  :^I  =  I  a 
Therefore  in  a  rotating  body  we  have  two  forces  F*  and  Fr  which 
act  through  the  center  of  gravity  and  a  moment  la  .  Fr  is  com- 
monly known  as  the  centrifugal  force  and  sometimes  as  the  radial 
inertia  force,  F^  is  called  the  tangential  inerttia  force.  The  couple  I  a 
may  be  considered  as  due  to  the  masses  resistance  to  angular  acceler- 
ation about  its  own  center  of  gravity. 

The  total  moment  about  the  center  O  is  the  sum  of  the  moment 
of  the  couple  I  a  and  the  moment  of  F<.  (F,-  has  no  moment  about  O) 
M  total  =  I  a  +  AI  r  a  .  r  =  a  [I  +  AI  r-] 
=  V  a 
Therefore  to  give  the  body  an  angular  acceleration,  about  O  an  exter- 
nal moment  of  I'  a  is  required. 


Fig.  9. 

Fr,  Fr,  and  I  a  may  be  replaced  by  a  single  force  whose  magni- 
tude is  VFr^  +  Fr  (see  Fig.  9)  and  which  acts  through  a  point  on 
the  radius  drawn  through  the  center  of  gravity  and  at  a  distance 
Tx^  /  r.    This  may  be  proven  as  follows : 
The  total  moment  about  O  is  V  a. 
Moment  of  single  force  is  Al  r  a  h. 
Therefore  AI  r  a  h  =  I'  a 


whence, 


r 


A I  K- 

Alr 
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The  expressions  just  deduced  may  be  applied  to  a  body  rotat- 
insr  about  an  instantaneous  center.  Let  A  B  be  the  link  of  a  machine 
rotating  about  some  instantaneous  center.  Let  AAj  and  B  Bj  be 
a;celerations  of  A  and  B  respectively  (see  Fig.  10).     From  the  ac- 

A Q__H 


Fig.  10. 

celeration  polygon  the  magnitude  and  direction  of  the  acceleration 
of  the  center  of  gravity  may  be  found.  We  may  replace  the  motion 
of  A  B  by  a  rotation  about  G  and  a  translation  perpendicular  to  the 
line  joining  G  and  the  instantaneous  axis.  The  acceleration  of  any 
point  will  now  be  made  up  of  two  components,  one  due  to  the  ro- 
tation about  G  and  the  other  due  to  translation.  G's  rotational 
components  is  zero  therefore  G's  acceleration  is  that  due  to  trans- 
lation and  is  common  to  all  points  of  the  body.  Resolve  B  Bj  into 
components  BC  and  C  B;  =  (GGj),  BC  is  the  rotation  com- 
ponent. If  B  C  is  again  resolved  into  components  perpendicular  and 
parallel  to  A  B  the  tangential  acceleration  of  B,  H  C,  may  be 
obtained. 

FTP 

We  have  then    ^~    =  a  angular  acceleration  about  G.     In  the 

preceding  paragraph  we  found  that  the  inertia  forces  of  a  rotating 
body  were  composed  of  a  single  force  through  the  center  of  gravity 
and  a  couple.  This  force  had  a  direction  opposite  to  that  of  the 
total  acceleration  of  the  center  of  gravity  and  its  magnitude  was 
the  mass  of  the  body  multiplied  by  the  acceleration  of  the  center 
of  gravity.  In  this  case  we  have  therefore  a  force  Q  through  G  and 
a  couple  I  a  as  shown  in  Fig.  11.  The  force  and  couple  may  be  re- 
placed by  a  single  force  whose  action  line  is  parallel  to  Q  but  does 
not  pass  through  G.     Through  a  point  at  a  distance  c  from  Q  in- 
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Fig.   II. 


troduce  a  force  O'  equal  and  parallel  to  O.     The  moment  of  O' 
about  G  is  O'c. 

But  Q'c  =  I  a 

tnereiore  c  =  — 
Q' 
This  equation  gives  the  distance  through  which  the  action  line  must 
be  shifted  from  "the  center  of  gravity  in  order  to  produce  the  given 
acceleration.  O'  =  mass  X  acceleration  of  G,  a  can  be  found 
by  method  already  shown.  All  terms  being  known  c  can  be  readily 
calculated. 

A  still  more  general  case  is  that  in  which  a  point  moved  in  a 
path  which  has  some  plane  motion  not  a  translation.  An  illustration 
is  a  point  on  the  pendulum  of  a  shaft  governor.  This  moves  in  a 
the  point  is  not  the  resultant  of  the  acceleration  of  the  path,  and  the 
circle  about  the  center  of  suspension   and  the  whole  circle  has   a 
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motion  about  the  engine  shaft.  In  this  instance  the  acceleration  of 
point  in  the  path,  but  is  instead  the  resultant  of  these  two  plus  a 
third  component  which  we  shall  proceed  to  find.  In  Fig.  12  the 
motion  of  point  P  from  P^  to  its  final  position  Po  is  made  in  three 
steps.  First  a  translation  of  path  M  N,  then  motion  in  the  path 
P\  P'o,  then  a  rotation  of  the  path  through  an  angle  A  6. 
Let  A  S  =  length  of  path  traversed  by  P. 

a  =  acceleration  due  to  rotation  of  path. 
We  have  then 

P'2  P2  =  ^  a  A  t-  =  A  s  A  ^ 

A  s.    A^ 
a  =  2  -^-r  —- —   approximately. 

In  the  limit  therefore 

ds      d^ 

d  s 
Now — -  is  the  velocity  of  the  point  along  the  curve  and  is  usually 
d  t 

d  B 
denoted  by  u,  and   t^  is  the  angular  velocitv  of  the  curve  and  is 
-^  cl  t 

denoted  by  oj. 

Therefore  a  =  2  oj  oj.  The  direction  of  this  third  component  is 
the  limiting  direction  of  P'n  P,  which  is  normal  to  the  curve  or  in 
other  words  perpendicular  to  the  relative  velocity.  The  total  acceler- 
ation of  P  =  acceleration  of  path,  plus  acceleration  of  P  in  the  path 
plus  2  u  CO.  This  last  acceleration  is  known  as  the  supplementary  ac- 
celeration component. 

The  most  general  application  of  Coriolis'  law  is  to  motion  in 
space.  In  plane  motion,  it  will  be  remembered,  the  motion  of  the 
path  was  replaced  by  a  translation  and  a  rotation  about  an  instan- 
taneous axis  perpendicular  to  the  plane  of  motion.  For  motion  in 
space  the  instantaneous  axis  is  generally  inclined  at  angle  6  with 
the  path.  This  introduces  another  factor  in  the  expression  for  ac- 
celeration. To  make  this  application  clear  a  particular  example  will 
be  taken  up.    Consider  the  fly  ball  governor  shown  in  Fig.  13. 
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Fig.  13. 

If  the  governor  changes  its  configuration,  the  masses  will  have 
an  acceleration  in  the  plane  of  the  governor's  motion  and  also  an 
acceleration  in  a  perpendicular  plane,  about  the  axis  A  B.  Divide 
the  motion  of  point  P  from  p  to  p"  into  a  rotation  about  B  and 
translation  to  p'  and  a  rotation  about  the  instantaneous  axis  M  N 
from  p'  to  p."    We  now  have: 

Acceleration  of  P  =  acceleration  along  the  path  plus  accelera- 
tion of  path  plus  supplementary  acceleration. 

Supplementary  acceleration  component  =  component  due  to 
rotation  from  p'  to  p" 

.  p'  p"  =  3^  a  A  t=  =:  A  «>  X  radius. 
But  radius  =  A  s  sin  ^ 
therefore 

5^aAt-— .  A$As  sin  6  approximately. 
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a  =:  2  -7-      —  sin 
tl  t  .  f  1 1 
=■  2  u  o)  sin  6 


We  now  have 

Acceleration  of  P 


dT  "^  T 


h  a 


+  2  u  w  sin,  1^, 


the   -}-   signs   indicating   geometrical   addition.      These   components 
are  shown  in  Fig.  14. 


^2u  CO  sin  9 

Fig.   14. 

Let  A  M  denote  the  particle  of  mass  at  P ;  then  the  accelerating 
forces  at  P  are  found  by  multiplying  the  acceleration  components  by 
A  ]\I.  By  D'Alembert's  principle  these  forces  reversed  hold  the  ex- 
ternal forces  in  equilibrium.    We  have  not  to  sum  each  of  these  for 

the  entire  mass.    The  forces  A  'SI  h  a,  A  AI  2  u  w  sin  0  and  A  M  — 

r 

act  either  perpendicular  to  the  plane  of  the  governor's  motion  or 

through  the  center  of  rotation  B.    Hence  they  do  no  work  in  moving 

the  governor  and  may  be  dropped  from  further  consideration.     As 

the  tangential  acceleration   , —  is  very  small  the  effect  of  the  force 

d  t  -^ 

9—1.  U. 
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j\/  '-l-llis  negligible,  compared  with  the  large  centrifugal  force  which 
(1  t 

will  not  be  considered.     By  summation  we  get 

2  d  F,.  =  2  A  M  h  o)  =  or  2  A  M  h 

But    •  2  A  M  h  =  M  b 

therefore  F,-  =  M  b  oj- 

Although  the  forces  2  u  uoj  sin  6  A  M  and  h  a  A  M  act  in  a 
plane  perpendicular  to  the  governor's  motion  and  do  not  effect  the 
governing  action  yet  they  exert  an  influence  upon  the  motion  of 
the  engine.  These  inertia  forces  must  be  overcome  by  the  turning 
moment  on  the  crank  shaft,  just  as  the  inertia  of  the  fly-wheel  and 
other  moving  masses  must  be  overcome. 

A  general  equation  which  can  be  applied  for  reducing  forces  will 
now  be  derived.  The  principal  of  force  reduction  has  been  given 
as  the  equality  of  work.  In  order  to  systematize  and  simplify  our 
Vv'ork,  the  following  notation  will  be  used.  Original  forces  will  be 
denoted  by  Roman  capitals  and  the  reduced  forces  by  corresponding 
script  capitals.  The  velocity  of  the  point  of  application  of  the 
original  forces  will  be  denoted  by  v'  and  the  velocity  of  the  point  to 
which  thev  are  reduced  bv  v. 


Fig.   15. 

Take  for  illustration  the  centrifugal  shaft  governor  shown 
schematically  in  Fig.  15.  Required  to  reduce  force  F  to  point  E 
l)erpendicular  to  B  E.  From  A  drop  a  perpendicular  A  H.  to  action 
line  O  G.  Take  H  as  the  point  of  application  of  force  F.  To  find 
the  work  of  force  F  for  an  instant  of  time,  its  magnitude  is  multi- 
plied by  the  velocity  of  H  and  the  product  by  a  differential  element 
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of  time.  The  work  of  the  force  F  is  there  fore  F  v'  d  t.  Because 
velocity  multiplied  by  time  gives  distance  and  the  product  of  force 
and  distance  gives  work.  The  work  of  the  reduced  force  at  E  is 
F  V  d  t. 

Therefore  F  v  d  t  =  F  v'  d  t. 

This  equation  can  be  used  for  reducing  all  of  the  forces  which 
arise  when  a  mechanism  is  in  motion.  The  magnitude  and  method 
of  determining  these  forces  has  already  been  given. 

REDUCTION   OF   THE  LiNK  WEIGHT   CONSIDERED   AS  A   FoRCE. — 

Using  our  previous  equation  we  have  at  once 
Gn  u  d  t  ^  G„  v'  d  t 

G;,   v' 

G„  = 

v 

The  sign  of  this  force  is  positive  or  negative  if  it  helps  or  hinders 

the  existing  motion.  Or,  in  other  words,  it  is  positive  when  it  has 

a  component  acting  in  the  direction  of  the  path  of  the  center  of 

gravity. 

Reduction  of  the  Radiae  Inertia  Force. 

Let  F,-  =  radial  inertia  force,  then 

Fr  V  d  t  =  F',-  v'  d  t 

v 

The  sign  is  determined  in  the  same  way  as  in  preceding  case. 

Reduction  of  Tangential  Inertia  Force. 

Fet  Ff  ■=  tangential  inertia  force,  then 

Fi  V  d  t  =:  F,  v'  d  t 

_  Ff  v' 
rt   — ■ 

V 

Reduction  of  the  Angular  Inertia  Resultant. 
Let  I  a  moment  of  inertia  couple. 

o)  =  angular  velocity  of  link  under  consideration. 
Tlien  F  u  d  t  =  I  a  o)  d  t 

/?  __    I  a  0) 


v 
The  sign  of  this  force  is  found   from  the  consideration  that  each 
link  has  an  angular  acceleration  about  its  own  center  of  gravity.  If 
the  inertia  couple  thus  developed  helps  the  existing  motion,  the  value 
of  the  reduced  force  is  positive,  if  not  the  reverse  is  true. 
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CONCRETE  INSPECTION, 


By  William  ^YALTER  Smith,  "07,  Civil  Engineering. 

The  enormous  use  of  concrete  in  construction  work  and  the  too 
frequent  startHng-  results  attained  by  poor  or  indifferent  workman- 
ship, have  created  a  new  opening  for  employment — that  of  concrete 
inspector.  Since  much  of  this  construction  work  is  begun  in  sum- 
mer and  finished  before  frost  time,  this  field  offers  attractive  and 
remunerative   opportunities   to   undergraduates. 

A  concrete  inspector  need  not  be  an  individual  of  broad  exper- 
ience, but  he  must  be  a  person  with  a  fund  of  common  sense  and 
and  unswerving  obedience  to  orders.  Doubtless  here  too,  he  will 
meet  that  annoying  question  of  "experience  ;"  }-et,  if  he  has  kept 
his  eyes  open  when  about  concrete  construction,  has  turned  a  few 
shovelfuls,  knows  the  meaning  of  a  i  :  3  :  6  mixture  and  that  the 
proper  consistency  "depends" — ,  such  a  man  can  claim  "limited  ex- 
perience" sufficient  to  qualify  as  an  assistant  inspector.  Under- 
stand !  concrete  inspection  is  not  play ;  it  is  work,  work  of  grave 
responsibility.  One  need  only  review  the  papers  of  the  past  year 
to  understand  what  havoc  has  been  wrought  by  poor  concrete  con- 
struction. 

The  primary  duty  of  the  inspector  is  to  see  that  the  work  is 
executed  in  accordance  with  the  plans  and  specifications.  Therefore 
he  must  familiarize  himself  with  their  details  and  always  have  copies 
on  the  work.  So  armed  he  can  talk  over  intelligently  all  points  with 
the  foreman.  The  latter,  and  not  the  inspector,  is  the  "boss"  of  the 
workmen ;  yet  the  inspector,  by  using  tact,  may  accomplish  results 
even  unattainable  by  the  foreman.  Under  no  circumstances  should 
he  be  suspicious  or  faultfinding,  or  assume  that  the  contractor  in- 
trnds  to  do  bad  work.  On  the  other  hand,  no  matter  what  be  the 
influences  of  good-fellowship,  he  must  be  alert  and  ever  watchful 
for  his  employer's  interests.  Nothing  resembling  bad  workmanship 
should  be  tolerated  in  the  structure. 

More  important  to  the  inspector  than  the  purchase  of  boots 
or  corduroy  "pants"  is  the  possession  of  a  note  book— two  note  books. 
The  company  will  doubtless  furnish  one  for  the  data  demanded 
in  their  daily,  weekly,  and  monthly  reports, — facts  concerning  the 
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work  train,  the  receipt  of  materials  and  the  total  on  hand,  the  yard- 
age of  wet  and  dry  excavation,  the  daily  placement  of  concrete,  the 
number  of  men  employed,  etc.  It  is  well  to  post  this  book  every 
night  and  to  have  reports  in  on  time.  In  his  private  book  the  in- 
spector should  copy  all  facts  recpired  by  his  employer  and  all  other 
additional  items,  though  seemingly  trivial,  concerning  the  number 
of  men  and  hours  employed,  the  wage,  the  amount  of  lumber  used 
and  ruined  in  forms,  the  outputs,  the  expense,  and  the  price  and 
cost  of  everything.  Such  information  will  be  of  unexpected  value 
in  future  classroom  work  and  later  in  business. 

The  inspector  wall  perhaps  have  little  to  do  with  the  materials 
except  receiving  and  listing  them.  As  a  general  rule,  everything 
should  be  located  about  the  work  with  a  fore-thought  as  to  future 
convenience.  Cement,  necessarily,  is  placed  in  a  waterproof  building, 
the  floor  of  which  is  well  out  of  the  way  of  flood  waters.  The  com- 
pany will  furnish  instructions  concerning  samples  for  testing. 

In  laying  out  the  structure,  it  is  often  impossible  to  obtain  an 
instrument ;  yet,  for  most  work,  a  good  tape  will  suffice.  Pencil 
plans  and  sketches  in  the  note  book  will  induce  accuracy  and  expedite 
the  work.  Incidentally  such  plans  and  sketches  are  good  evidence 
to  the  company's  engineer  of  the  inspector's  interest  and  efficiency. 

A  yard  of  earth  in  place  and  a  yard  on  the  dump  are,  to  the 
trained  eye,  entirely  different  quantities.  A  young  inspector  had 
best  prepare  his  daily  estimate  from  a  measurement  of  the  hole ; 
and,  as  wet  excavation  costs  more  than  dry,  he  must  obtain  his  im- 
mediate superior's  distinction  between  the  two.  Usually  all  earth 
wet  excavation.  Judgment  should  be  exercised  in  dumping  the  dirt 
so  that  it  will  not  interfere  with  future  work. 

During  the  building  of  the  forms  the  inspector  will  not  be  very 
busy.  AA  ith  an  engineer's  level  he  will  give  the  carpenter  only  the 
necessary  elevations  for  beginning  the  work,  usually  one.  He  will 
obtain  all  others  with  his  spirit  level.  His  mistakes  in  so  doing  are 
not  the  inspector's,  but  it  is  the  latter's  duty  to  find  them.  This 
is  a  good  time  to  become  better  acquainted  with  the  plans  and  speci- 
fications and  to  formulate  some  ideas  as  to  computing  the  cubic 
content  of  the  structure.  It  may  be  possible,  at  this  stage  of  the 
work,  to  make  some  measurements,  such  as  diagonals,  that  may  save 
an  immense  amount  of  work  and  worry  in  future  calculations. 

Much  practical  knowledge  can  be  obtained   from  watching  a 
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skillful  carpenter  and  checking  his  work.  Results  which  he  obtains 
with  his  metal  square  will  be  the  more  surprising  to  one  who,  to 
verify  them,  must  draw  upon  his  years  of  mathematical  training. 
The  best  lumber  should  be  used  for  the  exposed  parts  of  the 
structure. 

The  specifications  will  doubtless  designate  the  proportions  of  the 
concrete ;  and,  if  machine  mixed,  an  automatic  device  will  care  for 
this  part  of  the  task.  However,  even  machines  need  some  super- 
intendence. If  the  mixing  is  done  by  hand,  the  wheelbarrow  is  a 
convenient  unit  of  measurement,  or  a  bottomless  box  w^ith  handles 
may  be  used. 

In  the  hand  process  of  mixing,  the  cement  is  spread  upon  the 
layer  of  sand  and  both  turned  by  four  men  working  as  pairs  and  in 
unison  at  either  end  of  the  batch.  Thorough  mixing  can  not  be  de- 
termined b_v  the  number  of  turnings,  yet  two  will  usually  be  suf- 
ticient.  provided  a  spreading,  dragging  stroke  is  used.  Good  mix- 
ing can  be  judged  only  by  the  uniform  color  of  the  mass,  and  the 
inspector  must  demand  this  uniformity  w'hether  it  takes  two  or  ten 
turnings. 

The  stone,  previously  moistened  in  the  wheelbarrow^s,  is  spread 
upon  the  mixture  of  sand  and  cement.  Water  should  be  applied 
only  from  buckets  with  sprinkler  attachments  or  from  a  hose  with 
a  spray  nozzle.  This  protects  the  cement  from  being  washed  away. 
The  entire  mass  is  turned  once ;  and,  after  a  second  application  of 
water  in  sufficient  quantity  to  bring  the  concrete  to  the  proper  con- 
sistency, it  is  turned  again.  The  proper  consistency  depends  upon 
the  rapidity  with  which  the  concrete  is  desired  to  set  and  the  per- 
sonal opinion  of  the  engineer  in  charge.  Dry  concrete  sets  more 
quickly  than  wet,  but  the  wet  eventually  attains  the  greater  strength. 
A  very  safe  mean  in  consistency  is  possessed  by  concrete  which, 
when  tamped  in  place,  shows  a  thin  layer  of  floating  cement. 

Inexperienced  inspectors  mav  be  a  little  backward  on  insisting 
upon  the  tairping  and  spading  of  concrete.  Tam])ing  produces  den- 
sity and  thereby  adds  strength.  In  order  to  give  a  smooth,  finished 
appearance  to  exposed  parts  a  spade  is  run  down  and  worked  back 
and  forth  between  the  green  concrete  and  the  walls  of  the  form. 
This  allows  the  mortar  to  run  in  and  to  hide  the  unsightly  stone. 
Better  still  and  less  needful  of  constant  supervision  is  the  use  of 
facing  irons  or  boards  which  hold  back  the  concrete  and  leave  space 
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for  a  mortar  filling.  In  either  case  concrete  must  not  be  deposited  in 
layers  thicker  than  six  or  eight  inches ;  and  it  is  not  good  practice 
to  drop  it  from  heights  greater  than  say  eight  feet.  Concrete  should 
never  be  run  down  troughs,  as  the  larger  particles  attain  greater 
velocity  than  the  mortar  and  fall  to  themselves. 

One-half  yard  of  stone,  one-fourth  yard  of  sand,  and  one- 
twelfth  yard  of  cement  do  not  make  five-sixths  of  a  yard  of  con- 
crete. The  most  practical  way  of  estimating  yardage  is  to  base 
daily  reports  upon  the  space  filled  by  one  batch  and  a  careful  record 
of  the  number  of  batches.  Inspectors  soon  learn,  personally,  to  count 
over  the  empty  cement  sacks,  noon  and  night,  and  to  check  the 
number  with  number  of  sacks  required  for  the  batches  of  cement 
made.  There  have  been  foremen  who  "forgot"  to  use  the  third  sack 
v\^hen  three  were  required  for  a  batch.  However,  it  is  far  from  wise 
.to  jump  at  hasty  conclusions,  as  laborers  have  been  known  to  ap- 
propriate empty  sacks  for  their  own  use. 

At  the  close  of  the  day's  work  incomplete  layers  of  concrete 
sliould  be  cut  off  squarely  and  closed  with  a  temporary  bulkhead. 
Upon  renewing  operations  and  also  after  floods,  before  placing 
green  concrete,  the  bulkhead  should  be  removed  and  the  entire  ex- 
posed surface  of  the  concrete  and  of  the  immediate  walls  of  the 
forms  should  be  wet  and  scrubbed  down  with  a  wire  broom.  This 
insures  a  good  union.  Concrete  which  has  taken  initial  set  before 
being  placed  must  not  be  used  in  the  work. 

Many  questions  will  come  up  on  points  not  covered  by  instruc- 
tions. In  such  matters  the  inspector  must  exercise  his  common 
sense  and  judgment.  However,  in  things  of  considerable  import, 
such  as  even  the  smallest  change  in  plans,  in  existing  structures,  or 
cf  stream  channels,  he  should  consult  his  im.mediate  'superior.  Since 
it  is  the  inspector's  duty  to  aid  the  foreman  in  every  way  possible, 
the  latter  will  often  ask  his  opinion  as  to  the  best  way  to  do  some 
part  of  the  work.  The  inspector  should  be  very  guarded  in  his  an- 
swers, carefully  state  that  his  replies  are  merely  suggestions,  and  in- 
sist that  all  he  wants  is  results  and  that  the  foreman  may  attain  them 
in  the  way  he  thinks  best. 

On  all  occasions  treat  all  men  as  men  whether  they  have  been 
to  college  or  not.  From  the  ordinary  laborer  the  green  college  man 
may  learn  much,  and  success  depends  largely  upon  the  ability  to 
handle  men. 
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MEASUREMENT   OF    BOILER   FEED   WATER. 


By  H.  F.  GoDicKiv,  '05,  Instructor  in  Mechanical  Engineering 

Laboratory. 


The  amount  of  feed  water  used  is  perhaps  the  most  important 
observation  to  be  made  in  a  steam  boiler  trial.  For  that  reason  care 
must  be  taken  to  see  that  all  the  water  that  goes  to  the  boiler,  and 
only  that  water,  is  charged  to  it.  It  is  quite  often  the  case  that  the 
water  piping  connects  to  all  the  boilers  in  the  plant,  with  only  a 
valve  separating  each  boiler  from  the  water  main.  This  valve  usu- 
ally leaks,  and,  although  special  piping  is  used  for  the  boiler  trial, 
water  from  the  main  gets  into  the  boiler.  The  only  safe  method 
is  to  cut  or  disconnect  the  pipe  leading  from  the  main  to  the  boiler 
to  be  tested.  It  is  well  in  installing  the  piping  to  the  boilers  to  bear 
this  in  mind,  so  that  connections  may  be  made  with  this  end  in  view. 

One  very  satisfactory  arrangement  of  piping  which  will  not 
have  to  be  disconnected,  is  shown  in  Fisf.  i.     The  advantage  of  this 


b  c     a      d     a'     e 

Fig.    I. — Feei>  W^vtek    Piping   Arranged   eor   Testing. 

scheme  may  be  seen  at  a  glance,  a  and  a'  arc  two  tees  opening  down- 
ward and  which  are  plugged  when  the  boiler  is  getting  its  supply 
of  water  in  the  regular  way ;  b.  c,  d  and  e  are  valves  controlling  the 
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passage  of  the  water.  In  running  the  test,  water  is  taken  from  the 
special  pipe  S  and  valve  b  is  opened,  while  valves  c,  d  and  e  in  the 
main  are  closed  and  the  plugs  in  the  tees  a  and  a'  are  removed.  Any 
water  that  may  leak  through  the  valve  c  is  let  out  at  the  tee  a  while 
that  leaking  through  the  valve  e  is  let  out  at  the  tee  a',  the  valve  d 
serving  to  keep  the  water  from  a  and  a'  separated.  The  same  ar- 
rangement may  be  used  in  the  blow-off  pipe  so  as  to  guard  against 
unknown  leaks  there. 

The  measurement  of  the  feed  water  is  usuall}'  done  in  tanks  of 
known  capacity,  fitted  with  quick  opening  valves.  The  use  of 
water  meters  for  this  purpose  being  far  too  inaccurate.  Being  thus 
satisfied  that  the  water  measured  is  the  correct  amount  which  has 
been  fed  to  the  boiler,  the  next  step  is  to  see  that  all  the  water  fed 
to  the  boiler  has  been  evaporated,  and,  if  not.  the  necessary  correc- 
tions must  be  made. 

In  the  code  adopted  by  the  American  Society  of  ^Mechanical 
Engineers  for  testing  steam  boilers  "Item  No.  57",  which  reads 
"Total  Weight  of  Water  Fed  to  Boiler,"  is  somewhat  misleading. 
The  item  is  based  upon  the  governing  conditions  of  the  code ;  viz. 
tiiat  conditions  as  to  pressure  and  height  of  water  on  the  gage  glass, 
are  the  same  at  the  close  of  the  test  as  they  were  at  the  beginning. 
The  code  is  also  based  upon  the  conditions  of  no  water-back  in  the 
furnace,  and  no  separator  between  the  boiler  and  the  calorimeter, 
and  no  leaks. 

.  The  fundamental  object  of  a  boiler  trial  is  to  obtain  the  efficiency 
of  the  boiler ;  i.  e.,  the  number  of  heat  units  taken  up  by  the  boiler  in 
comparison  with  the  number  of  heat  units  furnished  it.  In  order  to 
secure  this,  "Item  No.  57"  must  be  corrected  so  as  to  take  care  of 
all  the  heat  units  used. 

In  the  case  where  a  water-back  is  used  in  the  furnace  there  may 
be  some  question  as  to  whether  or  not  the  boiler  should  be  given 
credit  with  the  heat  units  collected  by  the  water-back,  but  as  these 
heat  units  are  collected  at  the  expense  of  the  fuel  charged  to  the 
boiler,  it  is  certainly  proper  that  this  credit  should  be  given. 

It  sometimes  happens  that  there  is  a  separator  on  top  of  the 
boiler,  between  the  boiler  and  the  calorimeter.  It  is  not  right  to 
give  the  boiler  credit  for  having  evaporated  the  water  which  is 
entrained  from  the  separator,  but  at  the  same  time  credit  must  be 
given  to  the  boiler  for  the  heat  which  it  has  imparted  to  this  water. 
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The  same  reasoning  may  apply  to  any  water  that  has  leaked  past  the 
blow-off  valve. 

The  heat  units  collected  by  the  water  passing  through  the  water- 
back,  those  contained  in  the  water  taken  from  the  separator  between 
the  boiler  and  the  calorimeter,  or  from  leaks,  and  those  contained  in 
the  excess  water  in  the  boiler  at  the  close  of  the  test,  must  be  put 
into  a  form  so  that  the}'  can  be  used  in  computations ;  and  since 
there  is  no  other  place  provided  in  the  code,  the  corrections  are  to 
be  made  in  "Item  No.  57." 

The  excess  water  in  the  boiler  at  the  end  of  the  test,  as  well 
as  the  water  entrained  from  the  separator,  or  leaks,  has  been  raised 
in  temperature  from  that  of  the  feed  water  to  that  of  the  liquid  in 
the  boiler,  hence  the  heat  put  into  each  pound  is  (q  —  h),  where  q 
is  the  heat  in  one  pound  of  the  liquid  at  boiler  pressure  and  h  is  the 
heat  in  one  pound  of  feed  water. 

If,  on  the  other  hand,  there  is  less  water  in  the  boiler  at  the 
close  of  the  test  than  at  the  beginning,  heat  has  been  used  in  evap- 
orating that  water,  the  amount  of  heat  used  for  each  pound  being 
(H  —  XL  —  q),  where  H  is  the  total  heat  in  one  pound  of  sat- 
urated steam  at  boiler  pressure,  L  is  latent  heat  of  steam  at  boiler 
pressure,  and  X  is  the  moisture  in  the  steam. 

The  water  passing  through  the  water-back  has  been  raised  in 
temperature  from  that  of  the  entering  water  to  that  of  the  leaving 
v.-ater,  hence  one  pound  has  consumed  (to  —  t^)  heat  units,  where 
respectively. 

Suppose  the  conditions  of  initial  and  final  boiler  pressures  are 
not  the  same.  If  the  pressure  has  increased,  the  water  in  the  boiler 
contains  more  heat  units  than  at  the  start,  while  if  it  has  fallen,  it 
contains  fewer  than  at  the  start.  The  heat  put  into  one  pound  of 
Avater  that  has  been  evaporated  into  "moist"  steam  is(H  —  X  L — h). 

We  will  now  transfer  the  various  conditions  referred  to  above, 
so  as  to  place  them  in  condition  for  handling,  denoting  initial  con- 
ditions by  the  subscript  i.  the  final  by  f  and  the  average  by  av. 

( I )     Water-Back. 

Total  water  passing  through  ^^'ater-back  =:  W' 
Heat  in  same  =  W'   (t.,  —  X^),,,- 

W    (t,  —  t,)av 


(A)     Equivalent  lbs.  of  moist  steam  ■=  7 


H  — XL  — h)a. 


I 
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(2)     Water  entrained  from  separator  or  leaks. 
Total  water  collected  =  W" 
Heat  in  same  =  W"  (q  —  \\)av 

(B)     Equivalent  lbs.  of  moist  steam   — 


(H  — XL  — h), 

(3)     Excess  Water  in  boiler  at  close  of  test. 
Excess  water  =  W"  ' 
Heat  in  same  =  W"  '  (q/^  —  hay) 

(C)     Equivalent  lbs.  of  moist  steam  — 


(H  — XL  — h)„„ 

(4)  Lower  water  level  in  boiler  at  close  than  at  beginning 
of   test. 

Difference  in  water  =  W^ 

Heat  used  in  evaporating  same  =  W^^  (Hay — XLau  —  qi) 
(D)     Equivalent  pounds  of  moist  steam  = 

W'V     (Hg^   —   XLg,;  —   qi) 

(H  —  XL  —  h)a.         " 

(5)  Heat  due  to  change  of  pressure  in  boiler. 

Total  heat  =  W^  (q^  —  qi)  where  W^  is  the  Initial  or 
Final  weight  of  water  in  the  boiler  according  as  to  wheth- 
er there  is  more  or  less  water  in  the  boiler  at  the  close 
than  at  the  beginning  of  the  Test. 

/T-N      T-      •     1                  1       r        •                           W"    (q/  —  QO 
(L)     Equivalent  pounds  of  moist  steam  =  — ~ ^-77 rr — 

(  rl  XL  n)av 

Note. — This  will  be  a  negative  quantity  in  case  the  final 
pressure  is  less  than  the  initial  pressure. 
"Item  No.  57"  corrected  should  now  be  W  —  W"  —  W" '  + 
(A)   -f    (B)   +    (C)   +   (D)   +    (E)   where  W  is  the  amount  of 
water  fed  to  the  boiler. 
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EXPLOSIVE    PROPERTIES    OF    GASEOUS    MIXTURES. 


By   Aluvn    B.   Cooke,    '07,    Mechanical   Enxixeerixg. 


Experiments  bearing  on  the  subject  of  the  ''Explosive  Prop- 
erties of  Gas  and  GasoHne  Vapor  Mixtures"  were  made  for  a  thesis 
by  Mr.  Allen  of  the  University  of  Illinois  in  1901.  The  ^lassa- 
chusetts  Institute  of  Technology  also  made  experiments  on  the 
same  general  subject  in  1900.  A  brief  review  of  these  experiments 
will  be  given  here. 

Mr.  Allen's  experiments  were  performed  with  a  closed  iron 
cylinder  nine  inches  in  diameter  and  eighteen  inches  long.  To  this 
cylinder  were  attached  an  indicator,  of  the  ordinary  gas  engine 
type,  a  tuning  fork  actuated  by  an  electric  magnet  to  make  a  time 
wave  on  the  indicator  card  as  it  was  caused  to  rotate  by  a  weight, 
a  gage  for  measuring  the  initial  pressure,  and  the  necessary  bat- 
teries and  weights.  A  known  weight  of  gasoline  was  introduced  into 
an  enlargement  of  the  air  supply  pipe  and  the  air  was  then  driven 
into  the  cylinder  over  the  gasoline,  thus  froming  the  vapor  mixture. 
This  mixture  was  further  mixed  by  a  fan  rotated  within  the  cylinder. 
The  air  was  obtained  from  a  compressor,  thus  enabling  different 
initial  pressures  to  be  experimented  with.  In  the  trials  for  the  effect 
of  neutral  dilution,  one  cylinder  full  of  the  burned  gases  from  the 
previous  explosion  was  left  in  the  cylinder  at  atmospheric  pressure. 

The  experiments  of  the  Massachusetts  Institute  of  Technology- 
were  performed  only  on  mixtures  at  atmospheric  pressure  but  since 
all  experiments  to  the  present  time  show  that  doubling  the  initial 
pressure  doubles  the  final  pressure,  the  experiments  are  of  just  as 
great  value  as  if  different  initial  pressures  had  been  used. 

Mr.  Allen  points  out  the  following  things  in  connection  with 
his  experiments :  The  effect  of  having  neutral  dilution,  or  the  pres- 
ence of  old  burned  gases  in  the  cylinder,  is  very  marked.  Explosion 
can  not  be  had  so  readily  nor  at  so  low  a  pressure  as  with  pure  gases. 
In  fact,  at  low  pressures  the  diluted  mixture  refused  to  explode  at  all. 
This  is  due  to  the  fact  that  at  low  pressures  the  proportion  of  burned 
gases  is  greater  than  at  high  pressures.  The  maximum  pressure 
i^  greatlv  reduced  bv  the  dilution.     This  mav  be  clearlv  seen  from 
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-s^o 


J7/r?e.  -^  second 


Fig.   I. — Time  Pressure  Cards 

1.  Initial  Pressure  50  lbs.  per  sq.  in.  Pure. 

2.  Initial  Pressure  50  lbs.  per  sq.  in.  Diluted. 

3.  Initial  Pressure  20  lbs.  per  sq.  in.  Pure. 

4.  Initial  Pressure  20  lbs.  per  sq.  in.  Diluted. 

the  indicator  cards  in  Fig.  i.  Figs.  2  and  3  show  the  effect  of 
various  mixtures  upon  the  maximum  pressure  and  time  of  ex- 
plosion.   The  rate  of  combustion  is  so  much  retarded  by  the  presence 


O  10  ZO  30  40 

initial    pressure  -  ( lb.  pe.r    sq.  in.) 

Fig.  2. — Curves  Showing  Effect  of  Various  Mixtures  of 
Gasoline  and  Air. 
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Fig.  3. — CuRVKS  for  Boston  City  Gas  and  Air. 


cf  the  dilution  that  in  some  explosions  the  pressure  continued  to  rise 
for  a  second.  In  cooling,  the  dilution  retards  the  rate,  due  to  the 
long-  drawn  nut  combustion  of  the  gases.  In  general  it  seems  that 
the  higluM"  the  initial  temperature  the  more  readily  the  mixture  is 
ignited  and  the  faster  will  the  combustion  take  place.  Therefore 
the  ccK^ling  water  from  the  jacket  of  an  engine  should  not  be  too  cool. 
From  all  of  Mr.  Allen's  data  the  conclusions  may  be  drawn  that 
tlie  best  mixture  for  gasoline  and  air  is  about  10  or  ii  to  one  bv 
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weight.  It  is  noticeable  that  the  maximum  pressure  obtained  from 
the  mixture  is  not  by  any  means  proportional  to  the  amount  of  gaso- 
line in  the  cylinder.  For  instance,  in  the  mixture  of  five  to  one,  the 
pressure  was  not  nearly  so  great  as  with  eleven  to  one.  Moreover 
the  eleven  to  one  gives  good  pressures  with  dilution.  The  efifect  of 
dilution  is  very  important  since  all  engines  operate  with  some  clear- 
ance space  which  has  the  effect  of  diluting  the  mixture.-  However, 
as  the  initial  pressure  or  the  compression  increases,  the  effect  of  the 
dilution  decreases. 


144  '^*^"'  Tcchno^niph. 


EDGE  HILL  GRAVITY  YARD. 


Bv  TiiiH).  II.  Trams,  07,  Ci\il  Engixrurixg. 

Within  the  last  ten  years  the  different  railroads  have  been  doing- 
a  great  deal  toward  the  betterment  of  their  yards,  because  they  have 
begun  to  realize  the  importance  that  a  large  yard  has  in  a  railroad 
system.  Since  the  roads  have  realized  the  importance  of  a  well 
designed  yard  most  of  them  have  been  sparing  no  expense  in  order 
to  so  build  all  important  yards  that  the  maximum  number  of  cars 
may  be  handled  in  a  minimum  amount  of  time  and  least  amount 
of  expense.  Usually  the  attempt  is  made  to  so  design  a  yard  that 
as  few  engines  shall  be  required  to  do  the  switching  as  possible, 
and  to  bring  this  about,  the  gravity  type  of  yard  has  been  the  one 
usually  adopted.  All  the  later  yards  have  been  modeted  more  or 
less  after  the  gravity  yard  at  Edge  Hill,  England,  this  being  the 
oldest  and  best  known  gravity  yard. 

The  Edge  Hill  Yard  is  located  near  Liverpool,  England,  on  the 
London  and  Northwestern  Railroad.  All  trains  arriving  at  Liver- 
pool are  broken  up  at  Edge  Hill,  and  all  trains  leaving  Liverpool 
are  made  up  at  the  same  place.  A  gravity  yard  was  suggested  by 
the  character  of  the  ground  on  which  the  yard  is  located.  The  sur- 
face has  a  gradual  rise  from  Avest  to  east,  so  tracks  could  be  laid  on 
a  uniform  grade  at  small  cost. 

For  the  economic  operation  two  conditions  seemed  essential : 
first,  that  all  changes  necessary  in  the  relative  positions  of  the  cars 
must  be  made  between  the  summit  and  the  foot  of  the  incline  with- 
out the  assistance  of  locomotives.  To  meet  the  first  condition  the 
yard  was  divided  into  the  following  parts :  First,  the  upper  recep- 
tion yard  of  six  tracks,  having  a  capacity  of  264  cars.  Second,  the 
sorting  yard  comprising  24  tracks  with  a  capacity  of  1066  cars,  into 
which  the  cars  first  run,  each  siding  receiving  the  cars  for  a  par- 
ticular train.  Third,  two  small  groups  of  marshaling  sidings  through 
which  the  cars  pass  to  be  arranged  into  proper  station  order  on  their 
way  to  the  fourth  or  departure  yard.  Fourth,  the  departure  yard 
having  a  capacity  of  183  cars  or  four  trains.  The  second  condition, 
requiring  that  some  arrangement  be  devised  for  stopping  cars,  was 
met  by  the  use  of  the  chain  drag,  which  consists  of  a  heavy  flexible 


Bdge  Hill  Gravity  Yard.  145 

cable  placed  in  a  wrought  iron  tank  below  and  between  the  rails.  A 
steel  hook  connected  to  the  cable  is  held  by  means  of  a  loose  socket 
in  such  a  position  that  it  will  catch  on  the  axle  of  any  passing  car, 
unless  the  socket  and  hook  are  lowered  by  means  of  a  lever  arranged 
for  this  purpose,  before  the  car  reaches  the  hook.  When  the  car 
gets  beyond  the  control  of  the  shunters,  the  socket  is  left  in  its 
normal  position  and  the  hook  catches  on  the  axle  of  the  passing  car 
and  drags  the  cable  out  of  the  tank  and  over  the  loose  ballast  until 
friction  stops  the  car.  The  car  is  hauled  back  to  its  starting  point 
by  an  engine,  and  the  cable  is  allowed  to  drag  back  to  its  original 
position  when  it  is  unhooked  from  the  car  axle  and  placed  in  position 
for  use  when  again  needed. 

The  gradient  of  the  track  varies  from  46  to  88  feet  per  mile, 
being  greatest  at  the  lower  end  of  the  reception,  sorting,  and  grid- 
iron sidings.  The  gradients  are  such  that  the  greatest  moving  force 
is  provided  where  the  cars  are  recjuired  to  start  quickly  and  also 
where  they  must  encounter  the  most  resistance.  All  curves  in  this 
yard  have  a  462  foot  radius. 

The  method  of  operation  is  as  follows :  All  trains  of  cars  on 
arrival  in  the  yards  proceed  directly  to  the  upper  reception  yard, 
where  the  engine  is  detached  from  the  train,  and  the  cars  are  in- 
spected and  each  car  is  marked  with  the  same  mmiber  as  that  of  the 
track  to  which  it  is  to  go  in  the  sorting  yard.  The  brakes  on  the  cars 
are  then  released  and  they  are  dropped  by  gravity  into  the  sorting 
yard.  From  the  sorting  yard  the  cars  pass  through  the  gridiron 
yards,  where  the  cars  are  arranged  in  station  order,  into  the  de- 
parture yard. 

The  maximum  number  of  cars  passing  through  the  yard  in  24 
hours  is  about  3000,  which  number  can  be  increased  to  5000  or  6000 
cars  with  a  small  increase  of  sorting  sidings.  To  handle  the  max- 
imum number  of  cars  requires  about  75  men,  the  majority  of  these 
working  only  from  i  to  9  P.  M.,  as  the  bulk  of  the  work  comes  from 
5  to  9  P.  M. 
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EDITORIALS 


The  board  offers  this  number  of  the  Techxograph  as  a  pub- 
lication that  represents,  in  a  measure,  the  work  done  in  the  College 
of  Engineering,  not  alone  that  of  the  faculty  and  professors,  but 
especially  of  students  and  undergraduates.  We  announce  with 
pleasure  that  the  contributions  received  from  alumni  came  without 
solicitation.  It  has  been  the  object  of  the  board  to  secure  such  ar- 
ticles as  would  be  of  interest  to  all  students  in  all  of  the  departments. 
Some  of  the  material  is  of  purely  local  interest ;  we  trust,  however, 
that  some  of  the  included  articles  will  be  of  real  value  to  the  prac- 
ticing engineer.  If  this  proves  to  be  the  case  the  contributors  will 
feel  more  than  repaid,  and  our  thanks  to  the  authors  will  be  super- 
fluous. Our  thanks  are  also  due  to  the  members  of  the  advisory 
board,  who  by  their  hearty  co-operation  and  untiring  efforts  have 
made  this  publication  possible. 


jNIore  than  ten  years  ago  the  Engineering  societies  formed  an 
association  for  the  purpose  of  mutual  benefit.  The  object  of  this 
association  was  to  give  the  engineering  societies  an  opportunity  to  co- 
operate in  their  eft'orts  to  advance  the  interests  of  the  engineering 
students ;  also  to  promote  the  science  of  engineering.  To  accom- 
plish this  latter  purpose  the  Technograph,  then  in  the  tenth  year 
of  its  existence,  was  issued  by  the  association  of  engineering  socie- 
ties. At  that  time  considerable  interest  was  manifested  in  the  asso- 
ciation, but  this  has  subsided  more  or  less  in  late  years.  The  socie- 
ties clearly  directed  their  activities  to  further  their  owai  interest,  and 
at  present  considerable  rivalry  exists.  This  feeling  of  rivalry  might 
be  turned  to  good  account.  Each  society  should  see  that  its  own  de- 
partment was  well  represented  in  the  Teciinogr.\ph.  Every  event 
of  interest  should  be  mentioned  in  this  publication!  The  societies 
should  require  their  representatives  to  report  from  time  to  time  the 
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progress  of  the  work  of  the  Technograph  board.  In  this  way  an 
active  interest  would  be  aroused  which  could  only  result  in  a  better 
and  a  more  representative  publication.  The  societies  should  not  for- 
get that  the  record  of  their  work  is  most  effectively  handed  doivn 
through  these  pages.  During  the  past  year  the  electrical  engineering 
society  has  had  a  remarkably  successful  "E.  E.  Show,"  but  no  record 
of  it  appears  in  this  issue.  The  readers  of  the  Technograph  may 
uoubtless  look  for^'^rd  to  a  complete  account  next  year,  when  the 
society  finds  time  to  take  the  matter  up. 


A  very  important  step  has  been  taken  this  year  by  some  of  the 
societies  in  supporting  the  Technograph.  The  Civil  Engineers' 
Club  in  revising  its  constitution  inserted  a  clause  which  states  that 
every  member  in  good  standing  shall  receive  a  Technograph.  The 
treasurer  of  the  society  then  pays  the  Technograph  board  for  the 
total  number  of  copies  received.  This  puts  the  business  of  the  asso- 
ciation of  engineering  societies  on  a  firmer  basis.  A  close  estimate 
can  be  made  of  the  probable  sale  and  the  publication  can  then  be 
printed  accordingly.  Nearly  everyone  knows  that  the  expense  of 
publication  can  be  varied  greatly ;  tables  printed  on  tip-ins,  half  tones 
and  large  cuts  all  go  to  increasing  the  cost,  as  well  as  making  a  bet- 
ter publication.  Heretofore  the  board  often  times  became  involved 
in  financial  difficulties.  The  cause  in  nearly  every  instance  could  be 
traced  to  the  fact  that  the  estimated  income  was  placed  too  high  and 
consequently  the  actual  sale  was  not  large  enough  to  meet  the  ex- 
pense of  publication.  A  few  of  the  other  societies  are  following  the 
lead  of  the  Civil  Engineers'  Club,  and  doubtless  before  another  year 
all  of  the  members  of  the  association  of  engineering  societies  will 
adopt  the  same  plan. 
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THE   ENGINEERING    SOCIETIES    AND    THE 
UNIVERSITY. 


The  present  year  has  been  a  very  successful  one  for  the  Me- 
chanical Engineering  Society.  The  membership  has  far  surpasse-.l 
that  of  former  years  and  many  progressive  steps  have  been  made. 
At  the  first  meeting  of  the  year,  seventy-seven  ^ew  members  were 
voted  into  the  society. 

This  year  the  society  gave  its  first  smoker.  The  evening  was 
spent  in  telling  yarns  and  listening  to  short  talks  by  several  mem- 
bers of  the  Engineering  faculty.  There  was  plenty  to  eat,  drink 
and  smoke  in  the  way  of  cider,  gingerbread  and  cigars.  The 
smoker  did  much  towards  increasing  the  acquaintances  and  in  furth- 
ering the  spirit  of  fellowship  among  the  members  of  the  society. 
The  society  was  very  much  pleased  with  the  results  of  their  first 
smoker  and  spirit  shown  by  its  members,  so  it  was  decided  to  make 
the  smoker  an  annual  afifair. 

The  numbers  of  this  year's  lecture  course  are  many  and  ex- 
cellent. Professor  Breckenridge,  at  the  head  of  the  jMechanical 
Engineering  Department,  opened  the  lecture  course  with  a  talk  on 
the  subject,  "Mechanical  Engineering."  The  series  of  lectures  in- 
cludes the  following  talks  by  faculty  members :  "Tool  Steel  and 
Tool  Steel  Work,"  by  Prof.  Gill ;  "The  Engineer  as  a  Man,"  by 
Prof.  Thorpe ;  "Illinois  Coals,"  by  Prof.  Parr ;  "The  Constant  Pres- 
sure Generator,"  by  Islv.  Garland;  "Compressed  Air  Tools,"  by  Prof. 
Schmidt :  and  "Steam  Turbines,"  ■  by  Prof.  Thorpe.  The  list  of 
prominent  speakers  widely  known  in  their  particular  lines  of  work 
is:  Mr.  A.  P.ement,  a  Consulting  Engineer  of  Chicago;  ]\Ir.  A.  A. 
Brown,  of  the  ^^'cstinghouse  Machine  Co. ;  Mr.  B.  A.  Gayman,  Assr. 
Chief  Engineer  of  the  Link  Belt  Co. ;  Prof.  Frenald,  of  Washington 
University  ;  and  Mr.  Wilson,  of  the  \\'orthington  Pump  Co. 

In  addition  to  the  meetings  held  for  lecture  course  numbers, 
additional  meetings  of  an  informal  nature  are  held  at  these  addi- 
tional meetings.  Two  or  three  members  lead  discussions  along  lines 
in  which  they  have  had  some  practical  experience. 


The  annual  inspection  trip  of  the  Senior  class  in  ]\Iechanical 
Engineering  was  taken  the  fourth  week  of  last  November.  Most 
of  the  men  went  to  Chicago  on  Saturdav  in  order  to  see  the  Illinois- 
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Chicago  footliall  game.  O41  Monday  morning,  at  8  o'clock,  fifty- 
three  Seniors  reported  to  Messrs.  Thorp,  Lentwiler  and  Gill  for  the 
official  opening  of  the  inspection.  The  headquarters  of  the  party 
were  the  Victoria  Hotel  in  Chicago  and  the  Plankinton  in  Milwau- 
kee. 

On  the  first  day  the  South  Chicago  Works  of  the  Illinois  Steel 
Company  and  the  power  plants  of  several  large  office  buildings  were 
visited.  Tuesday  the  party  inspected  the  Fisk  St.  Station  of  the 
Chicago-Edison  Company  and  the  power  plant  of  the  South  Side  Ele- 
vated. Wednesday  and  Thursday  were  spent  in  Milwaukee  visiting 
points  of  interest.  The  trip  from  Chicago  to  Milwaukee  and  back 
was  made  by  boat  at  night  so  as  to  save  time.  Friday  and  part  of 
Saturday  the  party  spent  in  Chicago,  the  Western  Electric  being  one 
of  the  most  important  plants  visited. 

A  pleasant  feature  of  the  trip  was  the  Alumni  reunion  dinner 
held  at  the  Victoria  Friday  night.  Here  the  undergraduates  were 
given  a  chance  to  meet  some  of  our  best  known  and  most  promi- 
nent alumni.  On  Saturday  noon  ended  what  was  declared  the  most 
successful  inspection  trip  ever  taken  by  the  Mechanical  Engineering 
Department. 


This  year's  work  of  the  Civil  Engineers'  Club  has  been  char 
acterized  not  only  by  live  student  interest  in  the  proceedings  of  the 
Club,  but  also  by  an  active,  personal  participation  in  the  same.  As 
a  result  the  Club  has  retained  its  position  as  the  largest  student  body 
of  its  class  at  this  institution,  and  its  meetings  have  been  replete 
with  interest  and  instructive  experience.  Student  members  spoke 
of  their  experiences  in  railroad  location,  construction  and  mainte- 
nance in  the  various  parts  of  the  United  States  and  ^Mexico,  railroad 
yards,  concrete  construction  and  inspection,  drainage  and  irrigation 
works,  river  and  harbor  work,  state  highway  construction,  structural 
work,  and  office  work  and  management.  These  talks  were  valuable 
not  only  in  the  knowledge  gained  therefrom,  but  also  from  the  train- 
ing accruing  to  the  members  from  the  subsequent  discussions.  At 
various  times  the  Club  has  invited  the  corps  of  instruction  and  prac- 
ticing engineers  to  deliver  addresses.  Many  of  these  lectures  were 
of  a  sufficiently  general  character  as  to  be  of  interest  in  other  col- 
leges.   Among  the  speakers  were : 
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Prof.  I.  O.  Baker,  "The  Civil  Engineers'  Club,"  "Why  the 
United  States  Leads  in  Bridge  Building,"  and  "Summer  Employ- 
ment:" Mr.  Roy  H.  Slocum,  "Improvements  of  Mt.  Vernon  (Ind.) 
Waterworks ;"  Mr,  G.  H.  Bremmer,  Engr.  ^Maintenance  of  Way,  C. 
B.  &  Q.  R.  R.,  "The  Duties  of  the  Division  Engineer ;"  Mr.  O.  E. 
Strehlow,  '96,  "Construction  of  Reinforced  Concrete  Bridges ;"  Mr. 
E.  J.  ]\Iehren,  '06,  "The  Construction  of  the  New  Pacific  Extension 
of  the  C.  ^I.  and  St.  P.  R.  R. ;"  Prof.  J.  R.  Brooks,  "The  Adjust- 
ment of  Errors  in  Traverse  Surveys ;"  Prof.  F.  O.  Dufour,  "Produc- 
tion of  Pig  Iron,"  "Steel  Work;"  Dean  J.  M.  WTiite,  'Student  Life 
in  Paris;"  W.  H.  Radclifife,  '01,  "Bridge  Erection;"  Mr.  John  W. 
Alvord,  "Gary,  the  New  Steel  Town ;"  Mr.  R.  L.  Humphrey,  "The 
Effect  of  the  San  Francisco  Earthquake  L^pon  Building  Material ;" 
]\lr.  T.  L.  Condron,  "Reinforced  Concrete  in  Construction  of  Build- 
ings ;"  S.  T.  Henry,  04,  "Local  Transportation  Problems  in  New 
York  City ;"  I\Ir.  A.  W.  Newton,  Inspector  of  ^Maintenance  Depart- 
ment of  C.,  B.  &  Q.  R.  R.,  "Field  Work ;"  and  Mr.  W.  D.  Taylor, 
Chief  Engineer  of  C.  &  A.  R.  R.,  "The  College  ^lan  and  the  En- 
gineer." 

An  important  innovation  is  the  holding  of  receptions  in  honor 
of  the  invited  speakers.  At  these  informal  gatherings  students  have 
an  opportunity  to  meet  men  prominent  in  the  engineering  world. 


The  principal  event  of  the  social  side  of  Civil  Engineers'  Club 
was  the  first  annual  smoker  open  to  all  civil  engineers  in  the  Uni- 
versity. Music,  song,  and  smoke-talk  furnished  the  gayety  for  the 
occasion,  while  tobacco,  cider,  apples,  and  doughnuts  were  the  re- 
freshments.    Some  two  hundred  guests  and  members  were  present. 


The  Senior  class  of  Civil  Engineers  made  their  annual  inspec- 
tion tour  to  Chicago  on  April  17.  The  itinerary  for  the  trip  includ- 
ed the  inspection  of  the  Chicago  river  bridges  from  Rush  to  Kenzie 
streets,  and  several  elevated  railroads  ;  a  trip  to  Montgomery  Ward  & 
Company's  reinforced  concrete  warehouse  in  process  of  erection,  to 
the  construction  of  a  plain  concrete  retaining  wall,  and  also  to  the 
C,  B.  &  0.  R.  R.'s  work  on  reinforced  retaining  walls  ;  an  inspec- 
tion of  the  Illinois  Steel  Co.'s  South  Works,  and  of  the  Lassig 
Bridge  Plant ;  and,  through  the  courtesy  of  Mr.  W.  A.  Shaw,  City 
Engineer,  a  trip  in  a  tug  to  the  in-take  cribs  and  to  the  bridges  along 
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the  south    branch    of    the    Chicago    river.      The    party    returned 
April  21. 


The  corps  of  instruction  of  the  Department  of  Civil  Engineer- 
ing has  been  materially  strengthened  by  the  acquisition  of  Messr.^. 
Brooks,  Slippy  and  Wiley. 

Mr.  John  Pascal  Brooks,  M.  S.,  associate  member  of  the 
American  Society  of  Engineers,  Assistant  Professor  of  Civil  En- 
gineering, was  graduated  from  Dartmouth,  class  of  '85.  From  1886- 
'88  he  engaged  in  railroad  work  and  from  1888-90  in  municipal 
work.  For  seven  years  he  taught  civil  engineering  at  Lehigh,  which 
position  he  resigned  for  the  professorship  of  civil  engineering  in 
Kentucky  State  College,  where  he  remained  until  1906.  Prof. 
Brooks  is  joint  author  with  Prof.  Mansfield  Merriman,  of  "A  Hand- 
book for  Surveyors,"  and  author  of  ''A  Handbook  of  Street  Rail- 
way Location." 

Mr.  Ralph  Bethnel  Slippy,  C.  E.,  member  of  the  Iowa  Society 
of  Engineers,  Instructor  of  Civil  Engineering,  took  his  B.  S.  degree 
at  Cornell  College  in  1903.  Since  that  time,  with  the  exception  of 
a  few  months'  teaching  at  Armour  Institute,  he  has  been  actively  en- 
gaged in  railroad  and  municipal  engineering.  He  has  been  con- 
nected with  the  engineering  corps  of  the  I.  C,  the  C,  B.  &  O.,  and 
the  W.  &  C.  F.  N.  railroads. 

Mr.  Carroll  Carson  Wiley,  University  of  Illinois,  '04,  is  Instruc- 
tor in  Civil  Engineering.  Since  graduation  he  has  followed  drafting 
work  in  Cincinnati  and  in  Johnstown,  Pa.,  and  bridge  drafting  in 
Chicago. 


At  the  spring  election  the  following  men  have  been  elected  to 
membership  in  Tau  Beta  Pi :  H.  L.  Bushnell,  A.  S.  Buyers,  R.  J. 
Candor,  S.  G.  Cutler,  R.  E.  Deets,  H.  E.  Gonnerman,  H.  L. 
Hazard,  E.  B.  Jordan,  R.  J.  Love,  L.  McDonald,  M.  S.  Morgan,  G. 
E.  Munger,  R.  C.  Pierce,  J.  L.  Stair.  F.  Vanlnwagen,  E.  A.  Weber. 
Tau  Beta  Pi  is  an  honorary  fraternity,  consisting  of  chapters  estab- 
lished at  most  of  the  leading  technical  schools  of  this  country.  Its 
object  is  to  mark  in  a  fitting  manner  those  men  who  have  conferred 
honor  upon  their  alma  mater  by  a  high  grade  of  scholarship  as  un- 
dergraduates, or  by  their  attainments  as  alumni.  Although  good 
scholarship  is  essential  to  membership  in  this  society  it  is  only  the 
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first  requircinent.  A  candidate  must  not  only  be  a  good  student, 
but  he  must  possess  those  qualities  which  mark  a  man  as  a  man 
among  men,  and  which  are  indicative  of  a  true  gentlemen.  The 
local  chapter  selects  twenty-five  men  each  year  from  the  highest 
quarter  of  the  class  of  engineers.  In  ascertaining  a  man's  standing 
most  weight  is  given  to  the  junior  grades,  less  to  the  sophomore  and 
least  to  the  freshmen.  A  student  who  continues  to  do  better  work 
as  he  advances  in  his  college  course  is  considered  stronger  and  bet- 
ter fitted  for  the  responsibilities  of  life  than  the  student  who  stands 
out  well  in  his  freshman  year  and  gradually  declines  in  his  studies 
as  he  approaches  graduation. 


The  Architectural  Club  has  been  fortunate  in  hearing  several 
interesting  addresses  from  members  of  the  faculty  and  other  mem- 
bers of  the  profession. 

On  January  26,  Prof.  John  W,  Case  spoke  on  "Colored  Terra 
Cotta."  He  gave  a  description  of  the  process  of  manufacture  of 
enamelled  terra  cotta  and  its  use  in  the  decoration  of  Italian  build- 
ings ;  also  a  short  history  of  the  della  Robbea  family,  who  developed 
the  ornamental  use  of  burnt  clay  to  a  great  extent. 

Mr.  Burt  A.  Lewis,  of  the  office  of  Holabird  &  Roche,  of  Chi- 
cago, spoke  to  the  club  February  3  on  "Building  Superintendence  in 
Chicago."  Mr.  Lewis'  talk  dealt  largely  with  the  construction  of 
the  new  CoOk  County  Court  House.  A  number  of  photographs  of 
the  work  at  various  stages  were  shown  by  means  of  the  reflecto- 
scope. 

Mr.  Benjamin  E.  A\'inslow,  the  noted  Chicago  architect  and 
engineer,  read  a  paper  before  the  club  ]\Iarch  i  on  "Structural  De- 
sign of  Ordinary  Buildings."  This  paper,  together  with  the  tables 
and  charts  shown  in  connection  with  it.  appears  elsewhere  in  this 
issue. 

On  April  4  a  lecture  was  given  by  ^Ir.  Peter  B.  Wight,  of 
Chicago,  secretary  of  the  State  Board  of  Examining  Architects,  on 
"Clay  Products  I'sed  in  the  Fire  Proofing  of  Buildings."  Mr. 
\\  ight  ?s  a  pioneer  in  the  use  of  terra  cotta  in  fire-proof  construc- 
tion in  the  United  States  and  has  devoted  a  great  deal  of  study  to 
the  subject.  He  gave  first  a  short  history  of  terra  cotta  as  used  for 
fire-proofiing,  followed  by  a  description  of  its  manufacture  and  a 
discussion  of  its  qualities.     He  then  described  several  of  the  most 
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important  systems  of  terra  cotta  construction  and  structure  protec- 
tion, illustrating  with  diagrams  and  photographs  thrown  on  the 
screen  by  the  stereopticon. 

On  the  same  evening  Professor  A.  N.  Talbot,  of  the  Depart- 
ment of  Theoretical  and  Applied  jMechanics,  gave  a  short  talk  on 
"Recent  Tests  of  Hollow  Tile  Piers  and  Columns."  These  tests 
were  made  under  Prof.  Talbot's  direction  in  the  University  Testing 
Laboratory  and  showed  gratifying  results. 

The  illustration  of  lectures  has  been  greatly  facilitated  by  th^ 
use  of  the  new  reflectoscope  recently  installed  in  the  architectural 
lecture  room.  This  instrument  does  not  require  the  use  of  trans- 
parent slides,  but  projects  perfectly  any  small  illustration,  whether 
drawing,  print  or  photograph,  black-and-white  or  in  color,  and  so 
has  a  much  wider  range  of  usefulness  than  the  stereopticon. 


The  first  annual  banquet  of  the  Architectural  Club  was  held 
at  the  Beardsley  Hotel  on  Wednesday  evening,  April  3.  The  idea 
proved  popular,  and  about  fifty  members  were  present.  The  menu, 
under  the  heading,  "Specifications,"  was  cleverly  announced  in 
architectural  language  and  the  cards  were  enclosed  in  artistic  etched 
and  hand-colored  covers  designed  by  i^I.  B.  Cleveland.  Messrs. 
Peter  B.  Wight,  of  Chicago,  and  H.  B.  Wheelock,  of  Evanston, 
were  guests  of  the  club.  The  affair  was  marked  by  the  pleasantest 
of  good-fellowship  and  was  thoroughly  enjoyed  by  those  present. 
The  toasts,  for  the  most  part,  were  responded  to  in  a  jocular  vein 
rather  than  handled  seriously.  The  program  of  toasts  was  as  fol- 
lows: "Architecture."  Toastmaster,  Prof,  N.  C.  Ricker ;  "Utility," 
Dean  James  yi.  White  ;  "Beauty,"  Prof.  Newton  A.  Wells  ;  "Durabili- 
ty," Mr.  Peter  B.  Wight;  "License,"  ^Ir.  H.  B.  Wheelock;  "The 
Professor,"  Pres.  M.  B.  Cleveland:  "The  Draftsman,"  L.  J.  Mc- 
Carty ;  "Mischief,"  Fritz  \\''agner,' Jr. ;  "Our  Future,"  L.  D.  Howell. 

The  Architectural  Club  will  be  represented  at  the  convention  of 
the  Architectural  League  of  America  at  Washington,  April  22,  23 
and  24  by  Prof.  Xewton  A.  Wells,  chairman  of  the  Committee  on 
Education,  and  L.  D.  Howell,  who  will  be  the  club's  delegate.  This 
club  is  the  only  one  connected  with  a  school  of  architecture  that  holds 
membership  in  the  League. 
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The  Architectural  Club  is  now  preparing  a  small  annual  \\ 
will  show  specimens  of  the  work  done  by  members  of  the  club  (I 
ing  the  last  year.     The  illustrations  will  be    printed    from    etcj 
plates  made  by  the  students.     Some  of  these  will  be  water-colcj" 
by  hand.     The  presswork  will  be  done  on  the  press  owned  by 
department,  so  that  the  entire  work  of  producing  the  book  will], 
done  by  the  members  of  the  club.    The  annual  will  be  a  unique 
beautiful  souvenir  as  well  as  an  index  of  the  work  done  by  the 
partment. 


TF 


Professor  Breckenridge's  appointment  as  a  member  of  the  com 
mission  to  test  turbine  unit  No.  8  of  the  Commonwealth  Electif 
Co.  was  very  fortunate  for  the  Senior  Mechanical  Engineers.  MQ' 
being  allowed  to  participate  in  the  work  it  gave  them  an  opportuif 
ty  to  do  commercial  testing  before  graduation.  Furthermore  th| 
became  acquainted  with  the  methods  of  operating  one  of  the  large 
power  plants  in  this  country.  The  work  was  under  the  direu 
charge  of  Asst.  Prof.  Thorpe,  to  whom  the  seniors  owe  man 
thanks  for  the  enjoyable  time  spent  at  the  Fisk  Street  Statior 
Those  who  took  part  in  the  test  were:  M.  A.  Kendal,  J.  A.  Strawn 
E.  D.  Stearns,  E.  O.  Jacob,  F.  M.  Welch,  L.  C.  Moore,  F.  E.  Ervin 
A.  H.  Gunn,  F.  E.  Hanke,  J.  M.  Harnit,  J.  H.  Hinman,  R.  D,| 
Jessup,  M.  L.  Millspaugh  and  Alwin  Schaller. 


The  annual  dinner  of  the  Mechanical  Engineering  Seniors  was 
held  at  the  Columbia  Hotel  on  April  6,  07.  The  menu  cards  were? 
made  up  in  class  colors  of  red  and  white,  with  the  University  seal 
showing  through  the  front  cover.  Nearly  all  of  the  seniors  and  M. 
E.  faculty  were  present.  E.  O.  Jacob  acted  as  toastmaster  and  the 
following  toasts  were  responded  to:  "Yale,  Lehigh,  Alichigan,  111- 
nois,"  Prof.  Breckenridge ;  "Naught  Seven,"  Prof.  Goodenough : 
"Shop  Talk,"  Prof.  Gill;  "Those  Profs."  M.  A.  Kendall:  "The  Heir 
to  the  Hoorah,"  Prof.  Lentwiler ;  "The  Engineer,"  Dean  J.  M. 
White ;.  "99.44  Per  Cent.  Pure."  W.  A.  Lazear;  "Commercialism  in 
the  Faculty,"  Prof.  Thorpe.  After  the  toasts  several  extemperaneous 
speeches  were  made,  the  subject  of  all  of  which  was  the  coming 
senior-facultv  baseball  eame. 
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N  publishing  the  Technograph,  the  attempt  has 
always  been  made  to  rise  somewhat  above  the 
general  college  periodical,  into  a  sphere  which 
may  contain  some  interest  for  the  graduate,  or  the 
practicing  engmeer.  We  present  in  this  issue  some  material 
which  we  think  worthy  of  notice,  both  from  its  practical 
value,  and  from  the  fact  that  it  shows  to  what  an  efficient 
point  our  facilities  for  research  have  been  raised. 

We  wish  to  urge  all  those  interested  in  the  Techno- 
graph to  pay  due  heed  to  our  plans  for  next  year,  and,  if 
such  a  change  as  is  proposed  is  consumated,  to  give  all 
possible  assistance  to  the  project. 
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AT  THE  HEAD  OF  THE  FASTEST  TRAIN  IN  PRUSSIA. 

W.  F.  M.  Goss,  Doc.  Eng'g. 

It  was  still  early  on  an  October  morning  in  Berlin  when  we 
beo-an  our  inspection  of  the  locomotive  upon  which  we  were  to  ride 
10^  miles  to  the  City  of  Halle.  The  train  to  which  it  was  coupled 
was  made  up  chiefly  of  through  cars.  There  were  40  axles  carry- 
ing approximately  8  tons  each,  thus  making  the  total  weight  of  the 
train  320  tons.  The  locomotive,  No.  605,  was  nearly  new,  and  no 
exhibition  engine  ever  appeared  to  better  advantage.  We  admired 
its  proportions  and  the  quality  of  its  finish,  and  I  found  a  secret 
pleasure  in  noticing  that  in  its  wheel  arrangement,  this  German 
machine  was  of  the  American  type,  but  there  was  little  else  about  it 
which  could  be  credited  to  America,  for  No.  605  is  a  thorough  for- 
eigner. While  to  the  casual  observer  it  appeared  to  be  a  normal, 
single-expansion,  eight-wheeled  locomotive  having  piston  valves 
actuated  by  Walschaert  valve  gears  and  drive  wheels  of  large 
diameter,  the  practiced  eye  of  the  engineer,  following  one  detail 
after  another,  might  soon  discover  in  the  form  of  a  valve,  a  pipe, 
or  a  handhold,  evidences  that  the  hidden  mechanism  which  charac- 
terized this  machine  was  a  representation  of  the  most  advanced 
practice  and  belonged  to  German  locomotive  design.  It  was  ex- 
plained to  me  that  combined  with  its  boiler  is  a  superheater  designed 
to  raise  the  steam  to  a  high  temperature  during  its  passage  from 
the  boiler  to  the  cylinder,  and  I  had  to  confess  that  if  American 
enthusiasm  bounded  a  little  at  the  sight  of  the  wheel  arrangement, 
it  was  distinctly  depressed  by  the  reflection  that  in  Prussia  there 
has  been  worked  out  with  consummate  skill  what  really  amounts 
to  a  new  system  of  practice  in  the  matter  of  locomotive  design,  and 
which  as  yet  has  not  greatly  interested  either  American  designers 
or  American  users  of  locomotives. 

The  route  from  Berlin  to  Halle  as  the  railroad  runs  is  a  way 
much  traveled  by  passengers  from  the  north  in  their  journeys  to 
the  south  of  Germany,  to  Switzerland  and  to  Italy.  We  leave  at 
8  o'clock  and  run  the  102  miles  without  a  stop  in  no  minutes, 
arriving  at  9:50.  Another  train  follows,  leaving  Berlin  at  8:10, 
and  is  120  minutes  on  the  road,  arriving  at  10:10.  A  third  starts 
at  8:20  and  is  137  minutes  on  the  road.  Still  another  leaves  at 
8:30,  another  at  9:00,  and  four  others  before  noon.     It  was  there- 
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tore  as  leaders  in  a  stately  procession  that  we  of  No.  605  were  to 
ride.  A  minute  before  eight  we  were  all  on  the  foot-board  ready 
for  the  start.  "We"  were  first  a  tall,  broad-shouldered,  fine  spirited 
(jerman,  a  graduate  of  Aix-la-Chapelle,  a  Regierungs  baumeister 
of  the  Prussian  State  Railway,  and  for  this  trip  my  ofificial  com- 
panion. Next  in  order  of  rank  was  a  mutual  friend,  a  representative 
of  the  W'ilhelm  Schmidt  Company,  the  patentees  of  the  superheater 
with  which  the  locomotive  is  equipped,  who  by  his  courtesies  on  this 
and  other  occasions  made  me  many  times  his  debtor.  The  third 
member  of  the  inspecting  party  was  the  American.  Besides  these, 
of  course,  were  the  engineer  and  fireman.  But  introductions  are 
brief,  the  signal  is  given,  with  both  hands  the  engineer  pulls  down 
on  his  throttle  lever,  which  moves  in  a  vertical  plane,  until  it  is 
more  than  half  w'ay  open,  and  now  that  the  engine  is  starting  he 
gives  the  throttle  no  further  attention,  but  stands  with  his  hands 
on  the  reverse-wheel,  watching  the  struggle  of  the  locomotive  for 
mastery  over  its  train.  When  the  drivers  slip,  he  catches  them  with 
a  quick  turn  of  the  reverse-wheel  before  they  have  made  a  single 
revolution.  If  they  hold  well,  he  slowly  turns  the  reverse-wheel 
to  lengthen  the  cut-ofif.  Under  similar  conditions  the  engineer  of 
an  x\nierican  locomotive  would  have  had  his  hand  upon  the  throttle 
lever,  opening  and  closing  it  as  the  adhesion  of  the  wheel  might 
require,  and  if  it  were  suggested  to  him  that  the  throttle  be  left 
well  open,  and  that  the  output  of  power  be  controlled  by  means  of 
the  reverse  lever,  he  would  probably  smile  and  tell  you  that  the 
reverse  lever  is  too  clumsy  a  device  to  serve  in  giving  the  delicate 
gradations  of  power  needed.  But  here  stands  the  German  at  a 
screw  driven  reverse  gear,  which  has  always  been  regarded  by 
Americans  as  too  slow  and  laborious  for  successful  use,  feeling 
with  a  sensitiveness  of  touch  wdiich  is  fine,  the  adhesion  of  drivers 
upon  the  rail,  and  with  one  hand  and  little  effort  holding  his  engine 
to  the  hardest  work  it  is  capable  of  doing.  We  are  now  moving  out 
through  the  terminal  yard,  the  speed  of  the  train  is  steadily  increas- 
ing, the  danger  of  slipping  wheels  is  passed,  and  the  engineer  is 
busy  in  perfecting  adjustments  which  will  bring  all  parts  of  the 
mechanism  into  condition  of  most  efficient  working.  High  up  upon 
the  side  of  the  cab  at  his  right  is  a  speed  indicator,  which  shows 
him  at  a  glance  the  rate  at  which  he  is  running.  In  front  of  him 
besides  the  usual  boiler  gage,  is  another  gage  which  gives  the  pres- 
sure of  steam  in  the  valve-box.  The  maximum  boiler  pressure  is 
t8o  pounds,  and  it  is  explained  that  the  purpose  of  the  engineer  is 
to  keep  the  valve-box  pressure  approximately  150  pounds.  As  the 
speed  increases,  he  adjusts  by  small  increments,  first  the  cut-oflF 
then  the  throttle  until  the  output  of  power  and  the  conditions  of 
pressure  are  to  his  liking.  Another  dial  before  him  is  that  of  a 
thermometer  indicating  the  temperature  of  the  steam  in  the  valve- 
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box.  This  at  the  instant  of  starting  was  but  Httle  above  400°  F., 
but  has  since  risen  steadily.  It  is  desirable  that  it  should  not  go 
above  660°  F.  By  the  time  we  are  at  speed  it  has  passed  the  550 
mark,  and  the  engineer  crossing  over  to  the  fireman's  side  turns  a 
wheel  attached  to  a  light  shaft  running  out  forward  over  the  boiler, 
thus  partially  closing  the  damper  and  thereby  diminishing  the  flow 
of  furnace  gases  through  the  superheater.  These  devices,  the  speed 
indicator,  the  gage  to  show  the  pressure  of  steam  in  the  valve  box, 
the  thermometers  indicating  the  temperature  of  steam  in  the  valve  box, 
a  permanently  attached  draft  gage  not  before  referred  to,  and  of 
course  the  hand  wheel  for  adusting  the  superheater  damper,  are 
all  in  the  nature  of  additions  to  the  equipment  common  on  American 
locomotives.  By  attention  given  to  these  several  devices  the  engineer 
is  able  to  operate  his  machine  with  a  delicacy  of  adustment  that 
insures  high  efficiency  in  action. 

Our  train  is  now  well  out  of  the  city,  moving  forward  over 
a  well  finished  German  landscape,  past  stations,  through  cities,  al- 
ways at  a  speed  of  from  55  to  65  miles  an  hour.  The  engineer  stands 
at  his  post,  generally  keeping  a  lookout  ahead,  but  occasionally 
moving  about  the  cab  that  he  may  better  scrutinize  the  adjustment 
of  his  machine.  I  had  already  admired  his  blue  uniform,  the  mili- 
tary-looking cap,  and  the  gilt  locomotives  on  the  lapels  of  his  coat, 
when  one  of  our  party  called  my  attention  to  his  soldierly  appear- 
ance and  added,  "He  doesn't  work ;  he's  an  officer."  I  can  vouch 
for  the  fact  that  he  is  a  skillful  locomotive  runner,  and  at  the  end 
of  the  run  I  learned  to  know  him  as  a  fine  fellow.  But  I  could  not 
help  wondering  whether  the  average  American  locomotive  runner 
would  be  willing  to  surrender  the  comforts  of  his  perch  on  a  cush- 
ioned box  well  up  out  of  the  way  of  the  coal  and  dust  on  an  Amer- 
ican locomotive  for  official  standing  on  a  German  foot-board.  The 
fireman,  also  in  blue,  had  swung  into  action  soon  after  the  start. 
At  intervals  varying  from  two  to  four  minutes  he  fired  from  four 
to  ten  scoopfuls  of  a  free  burning  mixture  of  fine  coal  and  lumps. 
From  the  tenth  to  the  fortieth  minute  of  our  run  the  average  rate 
of  firing  was  2.8  scoopfuls  a  minute.  Each  time  before  putting 
an  coal  he  shut  ofif  the  injector,  and  after  he  had  finished  firing  he 
started  it  again. 

Thus  the  journey  proceeded,  the  speed  on  favorable  grade 
rising  to  68  miles  per  hour  and  falling  on  adverse  grade  below  55. 
The,  track  was  always  clear.  At  Wittenberg,  we  passed  at  a  high 
rate  of  speed  through  a  station  crowded  with  people,  and  a  little 
beyond,  at  the  crossing  of  the  Elbe,  63  miles  from  Berlin  for  the 
first  time  during  the  run  the  throttle  was  closed  and  the  brakes 
applied  for  a  slow  at  the  bridge.  The  engineer  of  an  American  loco- 
motive after  closing  the  throttle  must  move  the  reverse  lever  to  its 
extreme  position   on   the  quadrant  in   order  that   the   compression 
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effects  in  the  cylinders  may  be  reduced ;  but  our  engineer  does  noth- 
ing of  the  sort.  He  allows  his  reverse  gear  to  stand  in  running 
position,  but  pulls  a  handle  which  opens  a  valve  in  a  by-pass  con- 
necting the  two  ends  of  the  cylinder,  and  this  open  by-pass  affords 
relief  from  the  compression  that  would  otherwise  occur.  Toward 
the  close  of  our  journey  we  were  running  ahead  of  our  schedule 
and  were  several  times  required  to  slow  on  signal,  notwithstanding 
which  fact  we  were  at  Halle  two  minutes  before  we  were  due. 

This  run  of  102  miles  ended  the  day's  work  of  our  locomotive. 
We  went  with  it  as  far  as  the  cinder  pit,  from  which  point  we 
saw  the  train  which  we  had  brought,  proceed  southward  drawn  by 
a  fresh  locomotive.  From  the  cinder  pit  No.  605  was  to  go  to  the 
roundhouse,  there  to  await  a  train  for  the  return  trip  on  the  morrow. 
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THE   ACCELERATION    RESISTANCE   AND    KINETIC 
ENERGY,   (3F   TYPICAL   ELECTRIC   CARS. 


G.  E.  Jaquet,  R.  E.  E.,  'o8. 

In  General.  In  the  operation  of  electric  cars,  the  power  devel- 
oped by  the  motor  equipment  is  absorbed  by  the  action  of  several  re- 
sisting forces,  which  we  commonly  refer  to  as  resistances.  These  re- 
sistances are  usually  grouped  under  two  heads — true  train  resistance 
and  accidental  resistance.  The  former  comprises  all  the  resisting 
forces,  that  act  owing  to  the  particular  construction  of  the  car  itself, 
and  all  of  which  are  always  operative  when  the  car  is  running.  The 
group  of  resistances  is  made  up  of  rolling  friction,  journal  friction, 
flange  frictiou,  etc.,  which  are  lumped  into  one  factor,  designated  as 
true  train  resistance.  The  accidental  resistances,  comprise  grade  resist- 
ance, curve  resistance,  wind  resistance  and  acceleration  resistance, 
any  or  all  of  which  may  or  may  not  be  operative  at  any  given  instant, 
depending  on  the  schedule  to  be  maintained,  profile  of  road,  and 
weather  conditions.  The  last  named  factor — acceleration  resist- 
ance— is  an  exceedingly  important  one,  as  it  determines  to  a  large 
extent,  the  capacity  of  the  motors  to  be  used  for  a  given  schedule. 
The  element  of  acceleration  resistance  occurs  most  frequently 
in  two  general  types  of  traction  problems.  One  is  the  problem  of 
selecting  the  requisite  motor  equipment  for  maintaining  a  certain 
schedule  with  a  car  of  given  weight.  The  solution  of  this  problem 
depends  on  the  determination  of  the  total  tractive  effort  required  to 
give  the  car,  the  acceleration  called  for  by  the  schedule.  The  greater 
part  of  this  tractive  effort  is  made  up  of  acceleration  resistance  or 
tractive  effort  due  to  acceleration,  and  hence  it  is  of  considerable 
importance  to  have  available,  accurate  values  of  acceleration  resist- 
ance for  the  car  in  question.  The  second  problem  which  often  pre- 
sents itself,  in  traction  work,  is  that  of  determining  the  average 
acceleration  of  a  car  in  actual  operation,  from  a  graphical  speed 
record,  taken  during  the  run.  Where  the  acceleration  has  been  uni- 
form over  a  given  section  of  track,  its  value  can  be  obtained  from 
the  slope  of  the  speed  curve.  More  often,  however,  it  is  the  case 
that  the  acceleration  has  varied  considerably  over  a  given  section 
of  the  run,  and  the  value  of  the  average  acceleration  over  that 
section,  is  desired.  This  is  obtained  from  the  relation. 
Acceleration  = 

Constant  V  Change  in  kinetic  energy,  over  section. 

Total  equivalent  weight  of  car  X  length  of  section. 

The  change  in  the  kinetic  energy  over  section,  is  the  difference 
in  kinetic  energy  of  car  at  beginning  and  end  of  section,  respectively. 
For  a  given  car,  the  kinetic  energy  will  vary  as  the  square  of  speed. 
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Knowing  the  speed  at  beginning-  of  section  and  at  exit,  the  kinetic 
energy  on  entering  and  leaving  the  section  respectively,  can  be  cal- 
culated. When  accurately  determined  values  of  kinetic  energy  for 
different  types  of  cars,  are  available,  this  process  of  calculation 
can  be  dispensed  with  and  the  rapid  solution  of  this  class  of  problems 
be  greatly  assisted. 

The  general  equation  for  acceleration  resistance,  commonly 
used  is, 

R  =  9i.iWA  (i) 

in  vvhich 

W  =  Weight  of  car  in  tons. 
A  =  acceleration  in  miles  per  hour  per  second ;  also  the  gen- 
eral equation  for  kinetic  energy  for  a  moving  car  is, 

E  =  66.76  W  V^  ■  (2) 

in  w-hich 

V  =  speed  in  miles  per  hour. 

Effect  of  Rotating  Parts. 

The  two  equations,  given  above,  which  find  very  general 
use,  in  calculations  such  as  have  been  outlined,  do  not  take  into 
account  the  presence  of  the  rotating  parts. — wheels,  axles,  and  arma- 
tures— that  form  part  of  the  car.  These  two  equations — (i)  and  (2) 
— and  calculations  involving  acceleration  resistance  or  kinetic  energy 
are  based  on  the  assumption  that  only  motion  of  translation  takes 
place.  The  neglect  of  the  presence  of  rotating  parts  leads  to  an 
error  ranging  from  five  to  nine  per  cent  in  the  case  of  acceleration 
resistance  and  to  an  even  larger  percentage  of  error  in  the  case  of 
kinetic  energy  calculations.  The  general  impression  that  the  efifect 
of  the  presence  of  rotating  parts  is  so  small  as  to  be  negligible,  is 
probably  responsible  largely  for  the  general  practice  of  neglecting 
it.  Some  engineers,  however,  realize  its  magnitude  and  make  due 
provision  for  it.  One  method  frequently  employed,  is  to  increase 
the  value  of  the  acceleration  factor — 91. i — in  the  formula  for  accel- 
eration resistance — R  =  91.1  W  A — ^by  an  amount,  corresponding 
to  the  inertia  eflfect  of  the  rotating  parts.  The  value  of  this  corrected 
factor  of  acceleration  resistance  has  been  determined  by  the  writer 
for  several  types  of  cars  and  is  given  in  column  A,  Table  III,  page  15. 
.Another  method  used,  is  that  of  increasing  the  dead  weight  of 
car.  by  an  amount  corresponding  to  the  effect  of  the  rotating  parts. 
The  value  of  this  equivalent  weight  has  also  been  determined  by  the 
writer  for  dififerent  cars  and  is  given  in  cohnnn  B.  Table  ITT.  page  15. 

In  order  to  take  into  account  the  eflfect  of  the  presence  of  rotat- 
ing parts  in  the  fundamental  equation  (i). 

R  =  01 .  T  W  A. 
we  must  modify  it  liy  adding  the  component  due  to  the  presence  of 
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the  rotating  parts.  This  latter  component  can  be  expressed  in  the 
form  C  A,  where  C  is  a  constant,  that  depends  on  the  inertia  of 
rotating  parts.    Hence  the  modified  form  of  equation  ( i )  will  be 

R  =  9i.iWA+CA.  (3) 

For  a  given  car,  the  weight  (W)  will  be  constant  and  we  can 
represent  the  quantity  91.  i  \\'  by  a  constant,  which  we  will  call  K-. 
Also  the  constant  C  will  have  a  particular  value,  for  this  car,  which 
we  will  call  K.,.     Hence  equation   (3)   will  become 
R  =  Ri  +  R.  =  Ki  A  +  K2  A 
in  which 

Ri  =r  Kj  A  =:  Resistance  due  to  translation  of  car. 
R,  =  K2  A  =  Acceleration  Resistance  due  to  rotation  of  re- 
volving parts. 

The  constants  K^  and  K.  can  be  combined  in  one,  which  we 
will  designate  as  K,  and  we  have 

R  =  K  A 
where  K  A  ^  Resistance  due  to  translation  of  car  and  rotation  of 
revolving  parts. 

The  method  of  allowing  for  presence  of  rotating  parts,  out- 
lined above,  applies  in  a  similar  way  to  the  general  equation  for 
kinetic  energv, 

E  =  66.76  W  V^  (i) 

In  this  case,  the  component  due  to  presence  of  rotating  parts  may 
be  given  the  form  C^  V".  So  we  have  for  the  modified  form  of 
equation  i,   • 

E  =  66.76  W  V^  -f  C^  V^ 
For  a  given  car.  it  can  be  expressed  in  the  form 

E  =  B,  V^  +  B,  V-  =  El  +  E2 

Translation  Rotation 
in  which 

El  =  Bj  y-  =  Kinetic  energy-  due  to  translation  of  car. 
Eo  =  Bo  V-  =  Kinetic  energv  due  to  rotation  of  revolving  parts. 
Adding    the    two    constants    B,     and    B„,    and    designating    their 
sum  bv  B,  we  have  for  the  final  form  of  the  energv  equation. 

E  =  B  V2 
where  B  =  B^  +  B.. 

Pl^RPOSE. 
The  purpose  of  this  article  is  to  present  accurately  determined 
values  of  acceleration  resistance  and  kinetic  energy,  that  include 
the  eflfect  of  rotating  parts,  in  such  form,  that  the  reader  can  deter- 
mine readily  the  value  of  these  qualities  for  different  cars  in 
service.  To  accomplish  this  result,  the  acceleration  resistance  and 
kinetic  energy  have  been  computed  for  seven  different  cars,  each 
typical  of  the  equipment  used  for  a  given  class  of  service.    To  deter- 
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mine  approximately^  the  acceleration  resistance  or  kinetic  energy 
of  a  particular  car,  the  reader  has  only  to  refer  to  Tables  I  and  IE, 
pages  13  and  14,  and  obtain  the  values  of  the  constants  given  for  that 
particular  tyoe  of  car.  All  results  are  given  in  Table  1,  II  and  111, 
under  head  "Results." 

The  above  data  has  been  expressed  graphically  in  the  form  of 
curves,  which  arc  given  in  the  section  entitled  "Curves." 

The  general  theory  underlying  the  equations  used  and  the 
expressions  from  which  the  values  of  the  constants  K^,  K^  .  .  . 
B,  were  computed,  is  outlined  briefly,  under  the  head,  "Derivation 
of  Expressions  for  Acceleration  Resistance  and  Kinetic  Energj'." 

The  manner  in  which  the  data  submitted  was  calculated  and 
the  assumptions  made  are  given  under  title  "Calculation  of  Results." 

RESULTS. 

Acceleration  Resistances  and  Kinetic  Energy  of 
Different  Cars. 

The  results  of  the  calculations  made  by  the  writer,  are  given 
in  Tables  I  and  II,  pages  13  and  14.  The  values  of  the  seven  constants 
have  been  computed  for  five  different  cars,  each  representative  of 
a  difTeront  class  of  service.  The  cars,  taken  as  a  whole,  it  is  believed, 
cover  oretty  thoroughly  the  range  of  equipment  in  use  today. 

Table  I,  page  13,  shows  the  value  of  the  constants  K^,  K,,  and  K 
for  the  determination  of  acceleration  resistance.  Each  of  these  con- 
stants when  multiplied  by  the  acceleration  of  the  car  gives  respec- 
tively, the  resistance  due  to  the  translation  of  car,  resistance  due  to 
rotation  of  revolving  parts  and  the  total  resistance.  The  acceleration 
must  be  expressed  in  miles  per  hour  per  second  and  the  resistance  ob- 
tained will  be  in  pounds. 

Table  II,  page  14,  shows  the  values  of  constants  B^,  Bo,  and 
B,  for  the  determination  of  kinetic  energy  of  an  electric  car.  Each 
of  these  constants,  when  multiplied  by  the  square  of  the  velocity 
at  which  the  car  is  traveling,  will  give  respectively,  the  kinetic 
energy^  due  to  translation  of  car,  the  kinetic  energy  due  to  rotation 
of  revolving  parts,  and  the  total  kinetic  energy  of  the  moving  c^r. 
The  velocity  must  be  expressed  in  miles  per  hour  and  the  kinetic 
energ\^  will  be  given  in  foot  pounds.  These  values  have  been  deter- 
mined for  three  conditions  of  loading,  as  the  ratio  of  the  rotative 
effect  to  the  dead  load  will  vary  with  the  condition  of  loading. 

Correction  for  Presence  of  Rotating  Parts. 

The  results  of  the  writer's  investigations  with  reference  to  the 
effect  of  rotating  parts  on  acceleration  resistance  are  summarized 
in  Table  III,  page  15.  Column  A  gives  the  corrected  value  of  the 
acceleration    factor,   which   takes  into   account   correctlv  the   eflFect 


Jaquet — Acceleration   of   Electric    Cars. 


13 


< 

u 

d 
.2 

u 

OS 

lT| 

u 

u- 

£ 

s 

<u 

p-l 

-t-l 

.s 

X 

I  1 

?1 

ri 

t^ 

rt 

< 


-     fci      "5      ni 

2  5-^ 


P4 


X 


<  '1 


<    rt    u 

a 
u 

< 


i  ^i" 

,>0    Cn  "~-  fO  O   u~^  CO 

■^aajBa   iBuoijBjoa   jusj   J^d 

P 

«  o 

•un  \r^\0  vO   r^  1^  '^ 

^  §• 

•^a  -h  "H  =  3  JO  saniBA 

"0  <N    ONOO  VD    M    tv^ 

UOItJBJSUBJX    pUB 

uoi}B;oa  JO    -saa    -oov 

M 

O    On  O    CO  LO  rooO 
ro  -+  lO  'i-  ^OO  VO 
M    C^    01    04    W    rO  LO 

CM  VO  O    ^  ^  On  CO 

"S? 

'H    }0    S311IEA 

M 

CO  ^  ^CO  CO    M    T^ 

C  -w 

uoijBjoa   JO    saa    "OOV 

0)    CO  CO  01    01  o    ^ 

S? 

- 

>-■    01    01    01    01    CO  m 

•X^ioBdeo    SuipuBjs 

VOMD  VO    t-^  t\  1-1    O 

O  ^ 

puB    sui;Bas    pauiqtuoj 

u^  On  CAOO  00    hh    CO 

1-1      M 

COOO   in  O  00    o't^ 

•^oaga  IBU0I5B10H  luoo   jaj 

■ 

- 

vO  vO  tx  r^  i^vo   ^ 

Ca  +  'H  =  )  'H  jo  S3niEA 

i-o  O  t^   01    o   M   Tf 

■a  c 

UO.^B^SUBJJ,    pUB 

M 

M      M       M      M      OI      -rj-    l-J 

j'i^ 

uoi;E:).oa   JO    "saa    'ooy 

- 

M    01    01    01    01     CO  LO 

01   ^  -^oo  oc   o.  O 

"H  JO  saniBA 

w- 

00    O    O    CO  CO  01    CO 

oi  a 

uoi^BisuBJX    JO    -saa    "oay 

O   O   O   O   O   oi   o 

^m 

n 

HI    01    Ol    01    01    CO  ^ 

•jfjtOBdBO    Sui:jB3S 

co^C  VO   i-i   i-i   "+  Ln 

CO  "^  "^  lO  u^  lO  l-O 

■?09Ba  IBuo^B^oa   ?UDO   jaj 

LOOO  00    CO  01    O.  i-i 

t^  t^OO  00    C-.vO   lO 

a, 

CH  +  'H  =  )    H   JO  saniBA 

w 

Lovo    CO  CO  1-1    CO  O 
i^  CO  iJ^  ^vo  r-s  o 

E 

C\cc  00  CO  00  o  rx 

ca 

nopB;oa    JO     saa     ooy 

- 

i-i    i-i    1-1    -1    CO  -^ 

01    O    O    O    O    M    u^ 

O 

- 

O    0\  0\  0\  C^\0   LO 

"M  JO  saniBA 

"^ 

ONVO  VO  VC  VO  00    iJ^ 

uoi:jBjsuBJx   JO    'saa    'ooy 

l-H      H-l      l-l      l-H      01      T^J- 

1  -^               0)                     1 

aot;B;oaV-Baa    ■oo^    t^  i  F:^^^  ^  ^  ^    ^J 

1               M      l-l      HH      M      0)      0)    [ 

Ol 

^ 

BJ 

o 

O 

o 

> 

^ 

95 

CAl       t/)       C/3               1 

CO 

_o  O  o  ^ 

O    O    O    V- 

CO 

IS  is^^^ol 

^  5  £    01    ^  -h  ..  I 

ij 

-M    O    0      ,     .    ,  '■  rt 

O 

a 

^  ^  s  ?:  fe  .^  -£ 

^  ^,  ^o  o  ^  ? 

<5 

Car,  2 
Car, 
Car, 
urban 
urlian 
rurban 
y  Intc 

[=4 

>^    >^   U.      !-      (U      > 

o 

'r^ 

ijKffi 

^^  jk> 

jfjaqtunx    jb.~) 

1 — 1 

1— t 

i-~s.           1— 1  1 — 1 

1 

r— 1 

1 — ( 

l-M 

> 

> 

>l 

On 

01 

t< 

01 

t^ 

Sr' 

c/j 

b/: 

o; 

r^ 

bJ9 

1^ 

rt 

c« 

Ph 

oj 

^ 

^ 

en 

Ui 

V. 

rt 

1) 

O 

(^ 

M-l 

c« 

0 

X) 

C 

C 

o 

O 

•4-1 

dn 

Oh 

V- 

O 

CJ 

m 

w 

1 1 

tL> 

«    1     g 

o     =; 


b/) 


X  ™ 


^k7L^   o 


O      .£f 


bjo 


14 


The  Technograph. 


0   =   0 


J3    O 

.5  ^ 


CQ 


teg 


r-  'Jj  r.-" 

O 

>^ 
O 

f4  ;:   o 


2 

l-H 


C    11 

c 

r")W 

rt 

■4-1 

cry 

II 

0 

!  ; 

>^ 

hiO 

a 

u 

J= 

a> 

+-' 

C 

<-(H 

W 

++ 

1 

IT)  •<;>■ 

01 

c^i  0  00 

tN.1 

11 

.•iD..i,Hinuonin.nnu..oj.Mpi    -Q^  ^  t^  omS  i^' 

UOIIBJSUBJX      PUB 

P3 

00  vo  u-i  ^  0  '-00 

C\00    OCC  00  00    C^ 

noHBiOH   JO   X3jaua   Oj^auiX 

-      -      HH      w      M      Tt 

i 1 

ro  0^  Cn  't  '^  "^  0> 

0  '-'  '-'  t^  t^  "^00  1 

,•"3  JO  saniB.v 

m" 

.  nonBisuBJX  JO  i£3jaaa  ojl^ufM 

^    H-,    w    M    c^    ro! 

■XjiOBdBO    auipuBjs 

H 

vnvo  0  i^  r^  !-<  0 
10  C\  000  00   '-I   PO 

puB    "au!:tBOS    pouiquio.) 

— 

^-^     l-H 



'       "' 

l^^O  "R' 0    o'vCl^'l 

++ 

J."503SH  IBuo!?Bioa  jnao  ■■^d 

Q 

d    On  M  00    0    t^O 

5  >. 

HH                  l-H                  l-H  ^           _ 

?'i 

(t'H  +  I'S)     =  iH    JO   san[BA 

00    LO  10  Tt  0  ^    <N 

0  5 

UOtiB[SUEJX     PUB 

n 

00  o<  0  0)  vo  v:5  ^-n 
(X)\0  <0  \0  \0    LCOO 

l-H       HH       HH       l-H      (>)       rO 

ro  0  0  ^  ^  I^  fO 

r"?'-" 

j'X   JO  san[BA 

K 

OnO  VO    0  00    l-H 

0    « 

uo!}C[sut;jx   jo   .«jaua   oijaura 

t^  ^  -^  ^  -t  rr>\c 

I» 

H 

'-'       >-       l-H       M      C)       00 

•yfjlOBdBO     3UIJB3S 

rovO  \0    1-h'  i-h    -:)-"i[n 

CO  "^   "^  10  VO  ITi  LO 

1 

IPajja  iBuoi^B^oa  inao  Wtl 

•^ 

(^    M    <r5  6    l-H  00  vo  ' 

X? 

(t-H  +  /H)  =  ,H    JO   saniBA 

UOI^EISUEJJ,     pUB 

K 

\0  Lo  '^oo  Lo  01  r^ 
;^  ro  Tt-  ro  Tf  01   lo 

noi^B^oa   JO   XSaaua   oi^auiii 

M        l-H        ^        hH        <M        CO 

w  00  00  OC  X  VD  00 

t^ 

j-jl   JO  sanj-BA 

Pf 

VO    <^  CO  CO  CO  CTn  CO 

3  ' 

uojjEjsufeJX  JO  X:Sjaua  oi^ouijj 

VO    N    C^    <M    0)    0    fO 
M     M     i-     -     01     CO 

1 

^ 

/3  JO  saniBA 

pf 

'j^  t^vo  6  '^  "^  0 

uopBjoa    JO    .{Saaua    0!4^'*!M 

0  u^  o\  covo   Cn  fr:' 

1 

• 

l-H      M      M       HH      HH      01 

tr. 

CT, 

u. 

!- 

_C 

c 

a 
0 

C 

"t^ 

> 

<U 

^ 

es 

or. 

tr 

a 

C^ 

^    ^^    fe    ^ 

Es. 

^'' 

0  i;  0  u 

0 

xn 

ds|S3 

< 

^  g  ^  01       ^c 

a 

fli  -^    <^      -   ^  .  -  rt 

0 

Q 
■z. 

< 

^  "^^  .-n  c  gi^ 

-    U      P      rt      rt   ^      r; 

oi  r  J  0    >-    t-    ^ 

0^  ^  5  :=  d  >. 

£^ 

>>  >>  ^,    1-    <u    > 

0 

a 

>.-^  .1=;  ii  ^  •*±  rt 

'^ 

C" 

,aa(iuin>j   jrj 

1— 1 

^-    ■■-  _             l-H   l-H 

-> 

> 

>' 

ro 


^^ 


Jaquet — Acceleration    of    Electric    Cars. 


15 


of  rotating  parts.  This  factor,  when  only  motion  of  translation 
is  considered,  has  a  value  of  91 .  i  pounds  and  is  the  pull  required 
to  give  a  ton,  an  acceleration  of  one  mile  per  hour  per  second.  The 
value  of  the  correction  required  to  take  into  account  the  effect  of 
rotating  parts,  is  obtained  from  the  relation 

Weight  of  car. 


Correction  := 


K, 


The  corrected  value  of  the  acceleration  factor  will  be. 
Acceleration  factor  —  gi'.i  +  correction. 

Column  B,  Table  III,  gives  the  equivalent  weight,  corres- 
ponding to  the  effect  of  the  rotating  parts.  The  effect  of  rotating 
parts  is  often  taken  into  account  by  adding  to  the  total  weight  of  the 
car,  this  equivalent  weight  corresponding  to  the  effect  of  rotating 
parts.  The  value  of  this  equivalent  weight  is  determined  from  the 
relation 

Equivalent   weight   =   

91. 1 

TABLE    III. 

Values  of  Acceleration  Factor  and  Equivalent  Weight  eor 

DiEEERENT   TyPES   OE   CarS.* 


Car- 
No. 


I 

II 
III 
IV 

V 

VI 

VII 


DESCRIPTION  OF  CAR 


CURVES. 
Table   I, 


Val  je  of 
Constant 
in  Equa- 
tion 
R=KWA 


Equival- 
ent 
Weight 
due  to 
Effect   of 
Rotating: 
Parts- 
Tons 


lO-Ton  Single  Truck  City  Car,  2  Motors. 
1 19-Ton  Double  Truck  City  Car,  2  Motors. 

19-Ton  Double  Truck  City  Car,  4  Motors 
1 19-Ton  Interurban  Car,  2  Motors 

19-Ton  Interurban  Car,  4  Motors 

131-Ton  Interurban  Car,  4  Motors.  ....... 

1 50-Ton  Interurban  Car,  4  Motors 


97-9 

98 

4 

99 

2 

98 

6 

99 

5 

98 

0 

95 

8 

.81 
1. 61 
1.79 

1.68 
1.88 

2.45 
2.68 


PVom  the  data  given  in  Table  I,  the  acceleration  resistance 
of  the  different  cars,  for  various  values  of  acceleration  has  been 
computed.  These  results  are  embodied  in  a  series  of  curves,  Figures 
I  to  V  inclusive.  Figure  I  shows  the  variation  in  total  acceleration 
resistance  of  the  various  cars,  with  acceleration.    This  set  of  curves 


*  Computed  on  basis  of  car  loaded  to  seating  capacity. 
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Fig.  I.    Acceleration  Resisiance— Different  Types  of  Cars 
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was  plotted  on  the  basis  that  the  car  in  each  case  is  loaded  to  seat- 
ing capacity.  Figure  II  indicates  the  relative  magnitude  of  the 
rotative  effect  of  the  revolving  parts,  in  the  different  cars.  Figures 
3,  4,  and  5  show  the  diiference  in  acceleration  resistance  due  to 
increased  loading  of  car,  for  three  types  of  cars, — Cars  No.  I,  VI, 
and  VII.  The  effect  of  loading  is  more  marked  than  is  usually 
supposed. 


Fig.  II.     Acceleration  Resistance  Due  to  Rotation  in  Different  Cars. 


In  a  manner  similar  to  the  above,  the  kinetic  energy  of  the 
different  cars  has  been  calculated  from  the  data  given  in  Table  II, 
for- various  values  of  speed  and  the  results  expressed  graphically, 
as  in  the  case  of  acceleration  resistance.  Figure  VI  indicates  the 
total  kinetic  energy  of  the  different  types  of  cars,  for  various  speeds. 
The  kinetic  energy,  it  will  be  noted,  varies  directly  as  the  square 
of  the  speed.     Figure  VII  gives  values  of  kinetic  energy  due  to 
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rotation  for  the  different  t}  pes  of  cars  and  affords  a  ready  comparison 
of  the  relative  maj^nitude  of  this  factor  in  the  different  types  of  cars. 


Fig.    III.      Acceleration    Resistance- — Car    No.    I. 


Jaquet — Acceleration    of    Electric    Cars. 


Fig.   IV.     Acceleration   Resistance — Car   No.    VI. 
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Fig.   V.     Acceleration  Resistance — Car  No.  VII. 
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Fig.   VI.   Total   Kinetic   Energy — Different  Types   of   Cars. 
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Fig.   VII.   Kinetic  Energy  Due  to  Rotation — Different  Types  of  Cars. 


Car 

No. 

I.    ] 

Car 

Xo. 

II. 

Car 

No. 

III. 

Car 

No. 

IV. 

Car 

No. 

V. 

Car 

No. 

VI. 

Car 

No. 

VII 
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DESCRIPTION  OF  CARS. 

The  cars  considered  in  this  article,  were  chosen  with  special 
reference  to  representing  the  different  types  of  equipment  in  use. 
Seven  cars  were  considered,  representing  five  classes  of  service,  as 
shown  below : 

Light  city  service. 
Heavy  city  service,  2  motors. 
Heavy  city  service,  4  motors. 
Light  interurban  service,  2  motors. 
Light  interurban  service,  4  motors. 
Heavy  interurban  service. 
.     Very  heavy  interurban  service. 

The  general  dimensions  for  cars  Nos.  I  to  VI  inclusive,  were 
taken  from  the  "Report  of  the  Electric  Railway  Test  Commission, ' 
published  by  the  JMcGraw  Publishing  Co.  They  are  the  result  of 
inquiries  sent  out  by  the  commission  to  a  large  number  of  manu- 
facturing firms  and  operating  companies,  asking  for  detailed  infor- 
mation regarding  the  electric  cars  built  or  used  by  those  firms  and 
companies.  This  data  is  given  in  Tables  III  to  VII  inclusive, 
pages  24  to  32.  under  the  caption  "Dimensions  of  Typical  Electric 
Cars."  Those  items  marked  by  an  asterisk  were  not  obtained  from 
the  Report  of  the  Railway  Test  Commission,  but  were  kindly  sup- 
plied by  the  St.  Louis  Car  Company,  St.  Louis,  Mo.,  at  the  request 
of  the  writer. 

( ^n  the  page  facing  the  table  of  dimensions  for  each  car,  is 
shown  a  diagrammatic  view  of  a  car,  in  actual  service,  which  ap- 
proaches closely  the  car  specified  by  the  average  data  on  the  corres- 
ponding page.  These  views  are  reproduced  from  the  "Street  Rail- 
way Journal"  and  the  "Report  of  the  Electric  Railway  Commission" 
by  permission  of  the  publishers,  McGraw  Publishing  Co. 

There  is  one  class  of  equipment  in  use  to-day  which  is  not 
represented  by  any  of  the  cars  described  above.  This  is  the  very 
heavy  type  of  electric  cars,  used  for  high  speed  service  by  several 
of  the  electric  railways  of  the  country.  The  "limited  cars"  operated 
to-day  by  the  Fort  ^^"ayne  and  Wabash  V^alley  Traction  Co.,  be- 
tween Indianapolis  and  Fort  Wayne  are  very  good  examples  of 
the  best  recent  construction  in  this  type  of  equipment.  Hence  this 
car  has  been  taken  as  typical  of  the  heavy  high  speed  cars  now  in 
use  and  of  those  destined  to  be  used  for  some  time  to  come.  Through 
the  courtesy  of  Mr.  E.  C.  Emmons,  general  manager,  and  Mr.  L.  W. 
Jacques,  master  mechanic,  respectively,  of  the  Fort  Wavne  and 
Wabash  Valley  Traction  Co.,  the  writer  has  secured  the  general 
data  for  this  car.  It  is  designated  as  Car  No.  VII  in  the  tables 
and  curves  of  this  article.  From  the  data  obtained,  the  acceleration 
resistance  and  kinetic  energy  have  been  calculated  and  are  given  in 
Tables  I  and  II. 
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DERIN'ATIOX   OF  EXPRESSIONS   FOR   ACCELER.'VTION 
RESISTANCE  AND  KINETIC   ENERGY. 

ACCELERATIOX    RESISTANCE;    MOTIOX    OF    TrAXSLATIOX. 

The  general  expression  for  the  acceleration  resistance  of  a  given 

car. 

R  =  Ki  A  +  K,  A 
is  made  up  of  two  factors,  as  has  been  shown  before.    They  are 
Rj  :=  K^  A  =  Acceleration  resistance  due  to  translation  of  car. 
Ro  =  Ko  A  =  Acceleration  resistance  due  to  rotation  of  revolv- 
ino-  parts. 

The  former  is  deduced  from  the  fundamental  principle  for 
motion  of  translation. 

Force  =  ^lass  X  Acceleration. 
If  the  force  ( R)  is  expressed  in  pounds,  the  mass  CSV)  in  gee- 
pounds  and  the  acceleration  in  feet  per  second  per  second,  we  have, 

R  ^  M  A.  (3) 

Applying  this  to  the  acceleration  of  an  electric  car,  we  have  given 
the  weight  (W)  in  tons,  and  the  acceleration  (A)  in  miles  per  hour 
per  second.  Expressing  (m)  in  terms  of  (^^  ),  and  (a)  in  terms 
of  A,  we  obtain 

2000  AA' 
m  :=  =  62.2  W. 

7.2 .  2 

5280  A 

a   =:   =:    1.466   A. 

3600 

Substituting  in  (3).  we  have 

R^  =  m  a  =  62.2  W   •  1.466  A  =  91.1  A  W. 

Knowing  the  total  weight   (\y)   of  a  given  car.  we  have 

R,  =  91. 1  W  -A  =  K,  A 

which  arc  the  fornnilas  used  in  determining  the  values  presented 
in  Table  I. 

ACCKI.KRATTOX    ReSTSTAXCE  .•    ^foTTOX    OF    RoTATIOX. 

From  the  laws  of  mechanics,  we  know  that  the  force  (F)  re- 
quired to  accelerate  a  rotating  body,  is  the  product  of  the  linear 
acceleration  (at)  of  the  mass  center,  and  the  mass  (m).  Placing 
this  in  the  form  of  an  equation,  we  have 

F  r=  m  a^.  (4) 

Also  we  know  that  the  linear  acceleration  of  any  point  on  a  rotating 
mass,  is  directly  proportional  to  its  distance  from  the  axis  of  rota- 
tion.    Thus  if  (a)  is  the  linear  acceleration  of  a  point  on  the  rim 
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of  a  rotating  cylindrical  body,  the  acceleration  (ai)  of  the  mass 
center,  will  be 

Tfc 

3ik  =  •  a. 

r 

where  (rA-)  is  the  radius  of  gyration  of  the  body.  In  the  case  of 
the  operation  of  an  electric  car,  we  have  one  rotating  element  made 
up  of  a  pair  of  wheels  and  the  attached  axle,  revolving  at  a  linear 
velocity  of  (A)  miles  per  hour.  Applying  the  laws  brought  out 
above,  the  acceleration  of  the  mass  center  would  be 

a  t  = '—  a  =  1 .  466 X  A 

r  r 

where  r  /,■  =  radius  of  gyration  of  a  pair  of  wheels  and  axle 

r  =  radius  of  wheel. 

Substituting  this  value  of  a  a-  in  equation  (4) ,  we  have  for  the  force 

due  to  the  rotation  of  a  pair  of  wheels  and  axle, 

F  =  1.466 — '^- A   •  m. 

r         . 

This  expression  gives  us  the  force  or  resistance,  effective  at 
the  mass  center  of  the  wheels  and  axle.  All  our  considerations  in 
this  discussion  are  based  on  force  or  resistance  effective  at  the  rim 
of  car  wheel;  hence  we  must  reduce  the  resistance  (F)  to  its  equiv- 
alent value,  acting  at  the  rail.     This  gives  us, 

Rw  =  — ^F  =  1.466  (^^^y    ,  ,,, 

r  V       r  /       A  m.  (5) 

where  (Rw)  is  the  equivalent  resistance  acting  at  rim  of  wheel.    But 
from  mechanics,  we  have  the  relation 

Iw 


r  to  -  = 


Iw 
m ' 


in   which 

Iw  =  moment  of  inertia  of  a  pair  of  wheels  and  axle. 

m  =  mass  of  wheels  and  axle. 
IMaking  the  substitution  in  equation  (5),  we  have 

Iw 

Rw  =   1 .  466  A  m     m 

(6) 

1 .  466  A  Iw  ' 

~  rfc 
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Hence  Rw  is  the  resistance  acting  along  rail,  clue  to  the  rotation  of 
a  pair  of  wheels  and  axle. 

Where  the  wheels  and  axle  are  on  the  driving  truck,  the  driving 
g-ear  is  fixed  to  the  axle  and  revolves  with  it.  So,  for  the  revolving 
wheel  element  in  a  driving  truck,  we  have, 

Rw  =  1.466 — - — ^ — 

in  which 

1  p  ^  IMoment  of  inertia  of  a  pair  of  wheels  and  attached  axle  and 

gear. 

In  addition  to  the  rotation  of  wheels  and  axles,  we  must  con- 
sider the  rotation  of  the  armature.  This  revolving  element  is  sub- 
ject to  greater  angular  acceleration  than  the  wheels,  owing  to  the 
gear  ratio.  The  resistance  due  to  the  rotation  of  the  armature  can 
be  expressed  by  equation  (6)  if  we  make  the  necessary  correction 
for  change  in  acceleration  and  moment  of  inertia.  The  angular 
velocity  of  the  armature  will  be  the  product  of  the  angular  velocity 
of  the  wheel  and  the  gear  ratio :  hence  we  have 

T.  , ,  A  la  G 

Ra  =  1 .  466 — 

r  - 

in  which 

Ra  =:  Resistance  in  pounds  at  rim  of  wheel  due  to  rotation  of 

armature. 

la  ^=  Moment  of  inertia  of  armature. 

G  ^=  Gear  ratio. 

For  a  car  having  N  pairs  of  trailing  wheels.  X^  pairs  of  driv- 
ing wheels  and  N^  motors,  we  have  for  the  total  resistance    (R2) 
at  rail,  due  to  rotation  of  revolving  parts, 
R,  =  N  Rw  +  Ni  R  ^  +  Ni  Ra. 

=  -^^^  (N  Tw  +  N^  I ,  +  N^  G  la^  A.  (7) 

For  a  car  having  X'  pairs  of  wheels  and  X^  motors,  we  have 
R.,  =  X^  R  I  +  X^  Ra. 

In  both  of  the  above  equations  all  the  terms  become  constants 
for  a  given  car.  except  the  acceleration  (A)  and  they  reduce  to 
the  form 

R,  =  K,  A. 
in  which  K.  is  a  constant. 

Equations  (7)  and  (8)  were  used  for  the  determination  of 
the  values  of  K._,  in  column  A  of  Table  I.  All  the  values  of  the 
constants  in  cfjuations  (j)  and  (8)  can  be  obtained  from  the  dimen- 
sions of  the  particular  car  in  ([uestion,  except  the  moments  of  inertia. 
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Iw,  I  g,  la.     The  method  determining  these  three  quantities  is  out- 
lined in  a  subsequent  paragraph  of  this  article. 

The  equivalent  weight  corresponding  to  the  inertia  effect  of  the 
rotating  parts,  is 

K. 
We  =  -^^ 
91. 1 

The  values  of   (We),  for  the  different  cars  considered  in  this 
article  are  given  in  column  ''B,"  Table  III,  page  15. 

Kinetic   Energy;   Motion    of   Translation. 
The  kinetic  energy  of  a  mass  (m)  moving  at  a  velocity  (v),  is 

K  :=  5^  m  V- 
In  a  preceding  paragraph,  we  found  that 
m  =  62 . 2  \\' 
V  ==  I . 466  V 
where  W  =  weight  of  body  in  tons 

V  =;  Velocity  or  speed  in  miles  per  hour. 
Substituting  in  first  equation,  we  have 

El  =  ^  X  62.2  X  w  X  (1.466  vy 

E^  =  66.76  W  V=^ 
Knowing  the  weight  (W)  of  a  given  car,  we  have 
E,  =  K>  V^ 

which  is  the  equation  used  in  calculating  the  values  given  in  Table 
II. 

Kinetic  Energy  ;   ^Motion   of  Dotation. 

From  mechanics,  we  know  that  the  energy-  of  rotation  (E,)  is 

E,  =  y.  I  w-        ' 

where  (I)  is  the  moment  of  inertia  of  the  revolving  body  and  (w) 
is  its  angular  acceleration.    Expressing  (w)  in  terms  of  V,  we  have 

V  V 

w  =  —  ^=  1 .  466  — 


r  r 


where  r  is  radius  of  car  wheel. 
This  gives  us  for   (Eg) 


V 

E,  =  >^  I  •  (1.466  —y 


r 
V2 


=  I -074  I      J.. 

In  the  case  of  a  revolving  system  made  up  of  a  pair  of  wheels 
and  connecting  axle,  we  have 
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V- 


E\v  =  1 .074  I, 

r  - 

where   r  =  radius  of  wheel, 

I,,  =:  Moment  of  inertia  of  a  pair  of  wheels  and  axle. 
Considering  the  case  of  the  armature  system,  we  have  for  the  angu- 
lar velocity  (Wa)  of  the  armature  system, 

W'a  =  Gw  =:  1.466 -* 

r 

Letting  la  represent  t]ie  moment  of  inertia  of  the  armature 
system,  we  have 

Ea  =  1 .074  la         --.-;-— 

For   an    electric    car,    with    (N^)    pairs   of   wheels    and    (N^) 
motors,  the  total  kinetic  energy  due  to  rotation,  is 
E,  =  N'l  E.S  +  X^  Ea 

Y2  Q2     y2 

=  NMi-oj-l-  Is-^)     +  N^     (i.o74la ^^) 

=   (1.074  ^^^^+  N^  la  -^)     \- 
r  -  r  -  - 

All  of  the  above  terms  are  constant  for  a  given  car,  excepting  the 
speed  V,  and  hence  we  express  Eo. 

Eo  =  K  V- 
This  equation  is  the  one  used  in  computing  the  values  given  in 
Table  ri. 

MoMIiXT  OF    IXKKTIA. 

In  both  the  determination  of  acceleration  resistance  and  kinetic 
energy,  the  moment  of  inertia  of  the  revolving  system  is  an  im- 
portant factor.  The  moment  of  inertia  of  each  system,  is  the  sum 
of  the  movements  of  inertia  of  its  respective  parts.  Thus  for  the 
wheel  system  of  a  trailing  truck  the  moment  of  inertia  of  the  sys- 
tem— a  pair  of  wheels  and  attached  axle — is, 

J-   system   ^^   2   i   wheel    '\      -I-   axle 

For  a  pair  of  wheels  and  axle  (on  a  driving  truck)  we  must 
take  into  account  the  gear  on  the  axle  and  we  have 

1  s,i>,tr,i,    :=    2    I  vhecJ    -j-    I  -;./■/'■    -j-     1    fffur 

For  an  armature  revolving  system,  we  have, 

1    si/s trill    J-  (•'/;■(■    -\-    i  si)ider    ~\~    i-  ir iiiili iiiix    ~p 

•1   ihaft    ~\~    -t  romiiiiitator    ~\~    t  i-hiinu 

METHOD    OF    CALCULATING   RESULTS. 

The  method  of  calculating  the  results,  given  in  Tables  I  and 
II,   is  as   follows :     the  acceleration   resistance   and   kinetic   energy 
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due  to  translation,  were  computed  for  each  car  and  each  condition 
of  loading-,  directly  from  the  equations 

Kj  =  91 . 1   W 

Kji  =  66.76  W. 
The  acceleration  resistance  and  kinetic  energy  due  to  rotation, 
were  determined  with  unusual  pains  for  one  particular  car,  and 
then  calculated  for  the  other  cars,  hy  comparison.  The  car  for 
which  these  calculations  were  made  in  great  detail,  is  one  of  the 
type  represented  by  car  No.  V,  designed  for  light  interurban  service. 
The  various  parts,  composing-  the  revolving-  system,  were  measured 
and  weighed.  From  these  data,  the  nx^ment  of  inertia  of  the  wheels, 
armature  parts  and  gear,  were  calculated.  The  computations  were 
checked  and  rechecked,  to  insure  certainty.  The  nionient  of  inertia 
of  these  three  parts,  for  the  other  cars,  were  detern-'ined  by  direct 
proportion.  It  was  assumed  that  the  distribution  of  metal  in  the 
wheel,  armature  parts,  and  the  gear,  was  sufficiently  similar  for  the 
different  sizes,  to  permit  making  such  an  assumption  safely. 
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Greene — Gasoline    Traction. 
GASOLENE   TRACTION   ON   RAILWAYS. 


W.  B.  Grijkne;,  M.  E.,  'o8. 

The  present  development  of  the  independently  operated  motor- 
car is  tilling  a  long  felt  want.  The  high  cost  of  the  installation  of 
electric  equipment  on  interurban  roads  often  prevents  its  use  where 
the  traffic  is  comparatively  light,  wdiereas  an  independently  operated 
car  can  be  run  at  a  profit.  The  small  capital  investment  of  the 
latter  enables  it  to  carry  its  own  interest  very  easily  without  the 
necessity  of  doing  a  certain  amount  of  business  in  order  to  make 
a  profit.  The  independently  operated  car  is  also  needed  in  other 
fields  besides  that  of  the  small  road.  Electric  lines  can  make  a 
considerable  sav'ing  by  using  the  independent  car  for  owl  service 
and  shutting  down  the  generators  for  half  the  night.  Branch  line 
feeders  of  steam  roads  can  give  better  service  by  operating  inde- 
pendent cars  more  frequently,  instead  of  running  one  or  two  trains 
daily.  It  is  almost  a  necessity  for  use  as  a  wrecking  car  and  work 
car  on  electric  roads. 

To  fulfill  this  demand  some  few  firms  are  making  cars  wnich 
are  proving  satisfactory,  although  the  industry  is  still  in  its  infancy. 
The  LTnion  Pacific  claims  its  large  interurban  type  gasolene  cars 
to  be  operatng  very  successfully.  Other  independent  firms  are  at 
present  manufacturing  cars  some  of  which  are  proving  their  econ- 
omy. This  is  such  a  new  field,  however,  that  all  difficulties  could 
not  be  overcome  by  the  designers,  although  the  present  use  is 
showing  that  the  problem  is  being  solved  very  practically.  Different 
designers  are  looking  at  the  problem  in  different  lights,  some  usmg 
a  v'ery  heavy  car  and  others  going  to  the  other  extreme.  On 
account  of  the  class  of  service  which  is  required  of  this  car  it  is 
probable  that  the  car  to  succeed  will  be  a  happy  medium,  more  on 
the  order  of  a  large  street  car  than  a  double  truck  interurban  or  a 
very  light  car.  The  public  will  have  to  be  treated  as  well  as  with 
the  other  kinds  of  service  and  at  the  same  time  operating  expenses 
cannot  be  materially  increased. 

The  principal  obstacle  to  be  overcome  is  vibration.  In  order 
to  compete  with  the  electric  car  the  gasolene  motor  must  be  sus- 
pended so  that  it  is  as  little  affected  bv  the  vibration  of  the  rails 
as  is  the  electric  motor.  If  mounted  directly  upon  the  trucks  the 
direct  vibration  from  the  rails  is  very  hard  upon  the  motor  and  it 
would  be  almost  impossible  to  run  a  distance  of  twentv-five  miles 
without  jarring  all  the  nuts  off  the  connecting  rod  bolts' 

Probably  the  car  nearest  the  solution  of  the  difficultv  is  one 
in  operation  on  the  Aurora-DeKalb  Line  which,  although 'possess- 
ing several   faults,  has  demonstrated  its  practicability.     These  cars 
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go  to  neither  extreme  in  weight.  They  are  single  truck,  semi-con- 
vertible cars  divided  into  passenger  and  smoking  compartments ; 
the  sn--oking  compartment  being  used  also  for  baggage.  1  he  length  is 
thirtv-six  feet  over  all  and  the  seating  capacity  is  thirty-two  passen- 
gers. The  cars  are  vestibuled  and  arranged  for  double  end  operation. 
Urill  21 E  trucks  are  used  with  23"  cast  iron  wheels. 

The  motor  used  is  a  vertical,  four  cylinder,  four  cycle,  7"  x  7' 
engine  and  was  designed  especially  for  street  car  service.  It  is 
extremelv  simple  and  very  substantial,  all  parts  being  very  heavy. 
The  crank  shaft  and  connecting  rods  are  particularly  heavy  and 
well  proportioned,  as  these  are  the  weak  spots  in  such  an  engine. 
The  crank  case  is  cast  in  one  piece  with  hand  holes  at  the  sides  so 
that  all  parts  are  accessible  for  inspection  and  repairs.  Lubrication, 
which  has  to  be  especially  good  in  order  to  compete  with  the  electric 
motor,  is  very  well  taken  care  of  by  a  sixteen  feed  mechanical 
pump  and  the  splash  system.  The  bearings  are  of  phosphor  bronze 
with  babbit  inserts.  The  inlet  and  exhaust  valves  are  situated  side 
by  side  in  one  chamber  and  operated  mechanically  from  one  cam 
shaft.  The  carburetor  is  attached  to  the  cylinders  by  an  equalized 
manifold  and  is  of  the  float  feed  type.  Exhaust  passes  down  to 
the  muffler  through  a  ribbed  manifold. 

The  cylinders  are  water  jacketed  and  the  water  used  for  heat- 
ing the  car.  The  natural  circulation  is  sufficient  for  the  water  to  be 
forced  through  the  two  radiators  at  the  ends  of  the  car  and  up  to  the 
storage  tank  on  top.  The  gasolene  tank  is  situated  under  a  seat 
in  the  sn^oking  compartment  and  is  connected  to  the  carburetor  by 
a  flexible  copper  tube. 

The  engine  is  mounted  by  the  three  point  system  of  suspension 
so  that  no  bending  strains  are  imparted  to  the  engine.  As  is  shown 
in  the  figure  it  is  situated  at  the  center  of  the  truck  parallel  to  the 
car  axles,  thus  getting  the  benefit  of  the  coil  springs  on  the  truck. 
In  the  later  design  a  heavy  bed  plate  has  substituted  for  the  angle 
iron  shown  as  supporting  the  engine.  This  is  for  the  purpose  of 
absorbing  vibration  which  has  caused  considerable  trouble  on  these 
cars.  Another  change  on  account  of  the  vibration  is  in  the  con- 
necting rod  bolts.  Heretofore  they  have  shown  a  tendency  to 
crystalize  and  break,  so  that  now  vanadium  chn^me  steel  will  be 
substituted  for  the  carbon  steel  previously  used. 

Transmission  is  through  ^lorse  Silent  Chains  direct  to  the  car 
axles.  In  order  to  orcvide  for  the  slack  in  the  chains  the  journals 
are  cast  with  a  thick  lii)  on  one  side,  which  with  a  wedge  allows 
for  }i"  slack;  when  this  ])(>int  is  reached  a  link  mav  be  removed 
and  the  original  adjustment  repeated.  A  system  of  planetary  gears 
on  the  engine  shaft  is  used  for  low  speed.  For  high  speed  a  mul- 
tiple disc  clutch  locks  the  whole  and  the  n:echanism  acts  as  a  flv- 
wheel. 
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The  control  of  the  engine  is  from  either  end  of  the  car,  there 
being  three  detachable  controlling  handles.  Three  points  are  on 
the  controller,  slow,  neutral  and  high  speeds ;  the  handle  being  similar 
to  that  of  a  hand  brake.  It  is  so  arranged  that  high  and  Ioav  speed 
can  not  be  in  at  the  same  time.  The  throttle  and  spark  levers  are 
similar  to  air  brakes  handles.  No  reversing  mechanism  is  em- 
ployed on  account  of  the  added  weight  and  machinery ;  to  start  the 
engine  in  either  direction  it  is  cranked  from  the  two  sides  and  kept 
running  till  the  end  of  the  trip,  when  the  engine  is  reversed  and 
cranked  in  the  opposite  direction.  The  engine  is  kept  in  motion 
during  the  short  stops. 

The  average  running  speed  is  25  miles  per  hour,  though  30  or  35 
can  easily  be  reached.  The  weight  of  the  engine  and  trasmission 
is  about  5,000  pounds  and  that  of  the  car  complete  ten  or  twelve 
tons.  As  the  cars  are  run  on  this  line  with  frequent  stops  the 
fuel  consumption  is  about  six  miles  on  a  gallon  of  ordinary  stove 
gasolene  or  120  miles  per  day  on  20  gallons. 
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POWER  PLANT  COSTS. 


G.    E.    PUISTKKKR,    M.    E.,    '08. 

It  is  indeed  noteworthy  to  see  the  great  advance  made  in  all 
engineering  lines  in  the  last  decade,  with  the  result  that  modern 
engineering  practice  has  become  a  model  of  economy.  Also  is  it 
true  that  the  modern  engineer  must  devise  ways  and  means  to  attain 
the  greatest  practicable  economy  in  any  line  he  undertakes,  no 
matter  whether  it  be  the  design  of  a  great  power  plant  or  a  small 
simple  engine  or  machine ;  the  same  end  must  be  accomplished — • 
economy.  Economy  of  operation  is  the  keynote  of  good  design 
and  without  it  the  plant  or  the  machine  may  become  useless,  and 
be  thrown  upon  the  great  scrap-heap  of  failure. 

To  all  consumers  and  generators  of  steam  the  hope  for  a  con- 
tinuance of  dividend  paying  power  lies  in  the  possibilities  of  de- 
creased cost  of  production.  Many  things  enter  into  the  cost  of 
production,  which  can  probably  be  reduced  and  which  consequently 
will  reduce  the  cost  of  power.  However,  the  exact  determination 
of  the  cost  of  operating  any  given  power  plant  is  nearly  impossible, 
presenting  as  it  does,  problems  that  do  not  admit  of  mathematical 
computation.  Further,  no  one  plant  can  be  picked  out  to  represent 
sone  certain  class,  owing  to  the  particular  features  connected  with 
each  individual  plant,  and  the  conditions  characteristic  of  but  one 
plant  alone.  Again,  the  data  on  the  subject  of  power  plant  costs  is 
difficult  to  procure,  partly  because  some  plants  have  no  systematic 
method  of  keeping  it,  and  partly,  on  account  of  the  reluctance  of 
station  ntanagements  to  publish  records  of  performance  and  cost 
records.  However  from  an  analysis  of  these  costs  the  following 
heads  or  di\'isions  present  themselves : 

First.  First  cost. 

Second,  Fixed  charges. 

Third,  Salaries  of  officials  and  wages. 

Fourth.  Fuel  cost,  and 

Fifth,   Miscellaneous  expenses. 

lender  the  head  of  "First  Cost"  much  could  be  said  with  regard 
to  power  plant  costs.  Of  course  the  size  of  plant,  the  location,  and 
the  nature  of  the  outjiut  will  generally  determine  this  point.  In 
most  cases  the  power  i)];uit  will  include  the  boiler  equipment,  the 
generating  plant  or  prime  movers,  condensers  and  auxiliaries,  the 
coal  handling  machinery,  and  probably  other  features  depending 
on  the  kind  or  the  nature  of  the  output.  All  of  this  equipment 
may  be  in  one  building  or  may  be  in  a  set  of  buildings,  all  of 
which  have  a  direct  bearing  on  the  power  plant  first  cost.  From 
late  statistics  the  floor  space  occupied  by  steam  turbine  generating 
units,  which  may  be  taken  roughly  as  I4  of  the  horizontal  Corliss 
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and  y's  of  the  vertical,  is  from  }i  sq.  ft.  in  the  smaller  sizes  to  1-20 
sq.  ft.  per  generator  H.  P.  in  the  larger  sizes.  Where  real  estate 
values  are  high,  the  engineer  must  make  his  selection  to  secure 
economy  and  keep  down  the  first  cost  at  the  same  tmie. 

Every  power  plant  must  necessarily  experience  a  deterioration 
in  some  of  its  parts.  If  it  does  not  all  break  down  at  once,  one  part 
will  give  trouble  at  one  time  and  another  part  at  another  tune. 
The  machine,  in  time  wears  out  and  must  be  replaced ;  the  land 
which  the  plant  occupies  may  increase  or  decrease  in  value,  and 
the  prevailing  price  of  stocks  may  be  high  at  one  time  and  possibly 
low  at  another.  The  bonds  will  bear  interest  and  the  interest  must 
be  paid ;  the  taxes  will  come  and  the  insurance,  also,  must  not  be 
overlooked.  These,  then,  are  some  total  fixed  charges  on  capital 
cost,  which  must  also  eiiter  into  the  fixed  charges.  Summing  up 
the  fixed  charges,  we  have : 

(a)  Bond  interest.  Taxes  and  Insurance. 

(b)  Sinking  fund,   including  depreciation  and   maintenance. 

(c)  Total  fixed  charges  on  capital  cost. 

After  the  power  plant  is  erected  and  ready  for  operating  the 
question  arises,  '"who  will  run  it  to  give  the  maximum  economy.^" 
Some  plants  are  run  by  incompetent  men  who  cannot  get  the  most 
out  of  them.  It  is  no  easy  matter  to  select  an  engineer  to  operate 
a  power  station,  and  in  some  cases  money  is  lost  in  operation  through 
the  inability  of  the  engineer  operating  the  plant.  Not  only  in  the 
executive  positions  but  in  general,  with  all  labor  connected  with 
the  plant,  from  the  fireman  in  the  boiler  room  to  the  chief  engineer 
himself,  choice  of  selection  must  be  considered.  It  is  very  plain 
that  high-priced  low  economy  men  m.ust  be  removed  in  order  ro 
get  the  maximum  efficiency  of  the  plant.  Boiler  room  labor  is 
probably  the  greatest  item  in  the  ordinary  steam  plant,  and  this 
varies  from  3%  to  8%  of  the  total  costs.  Oftentimes,  on  account 
of  variation  of  equipment,  character  and  load,  the  labor  charge  on 
plants  of  similar  design  and  capacity  varies  as  much  as  50%. 

The  important  point  of  fuel  needs  careful  consideration  in 
any  power  plant,  since  it  is  by  far  the  greatest  of  the  total  operating 
expenses.  Whether  it  be  alcohol,  peat,  wood,  oil,  or  coal,  a  saving 
of  1%  in  the  fuel  bill  is  no  small  item  in  a  large  station.  Naturallv, 
the  fuel  used  will  be,  in  most  cases,  that  which  is  n:ost  convenient 
to  get  and  that  which  costs  the  least. 

Many  times  the  coal  analysis  is  disregarded  and  the  engineer 
burns  coal,  because  it  is  cheap.  A  deeper  investigation  than  mere 
■price,  should  be  made,  for  in  some  cases  it  has  been  found  that  the 
consumer  burns  twice  or  three  times  as  much  of  this  "half  stone" 
at  $1.00  a  ton,  whereas  if  he  bought  a  better  grade  at  $1.50  per 
ton,  he  would  save  money  in  the  end.  Too  often  the  price^  is  an 
indication  of  the  fuel  burned.     Any  competent  engineer  will  con- 
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sidcr.  besides  i^ricc,  quality  cr  licatiiig'  value,  and  the  use  to  which  it 
must  be  put.  Cases  have  arisen  where  coal  at  $.90  a  ton  was 
cheaper  to  burn  than  coal  at  $1.30  a  ton  with  nearly  twice  the 
heatins:^  value.  Social  conditions  must  always  be  taken  into  accoimt 
and  a  careful  study  made  before  the  fuel  is  tinally  selected.  Coal  is 
conceded  to  be  the  most  common  fuel  and  forms  the  basis  of  esti- 
mates of  fuel  charges. 

In  a  2,000  K.  \\'.  steam  electric  station  in  Illinois,  the  total 
cost  of  operation  per  K.  W.  hour  during  the  year  1905  was  .443c, 
not  including  fixed  charges  which  would  add  approximately  .06c, 
making  a  total  of  .503  cents.  The  price  of  coal  in  this  case  was  $.75 
per  short  ton.  delivered  at  the  station,  a  price  very  much  below  the 
average  for  steam  electric  plants  in  that  state,  where  the  average 
of  300  plants  is  about  $1.35  per  short  ton.  The  fuel  cost  per  K.  W. 
hour  was  .219  cents.  43 Vf  of  the  total  cost,  or  49^0  of  the  cost  per 
K.  W.  lidur.  not  including  fixed  charges.  This  represents  very  good 
economy  for  a  station  of  this  size  and  the  values  ■g'iven  may  be  taken 
for  estimates  on  most  modern  and  approved  practice.  The  fuel 
charge  in  any  given  case  may  be  estimated  by  a  comparison  of  coal 
values  per  short  ton. 

In  the  above  enuni.erated  costs,  there  is  more  of  a  definiteness 
than  that  which  characterizes  the  determination  of  the  miscellaneous 
supplies.  It  is  exceedingly  difficult  to  derive  any  very  definite  con- 
clusions in  this  regard,  since  so  many  indefinite  things  enter  into  the 
consideration,  such  as  type  of  machinerw  local  cost  of  materials, 
freight  rates,  and  the  personal  equation  of  operators  using  oil  and 
waste.  lender  this  head,  the  following  items  are  usuallv  included  : — 
oil,  waste,  repairs  and  other  miscellaneous  supplies.  Unfortunately, 
records  of  supply  charges  are  greatly  at  variance,  and  from  data 
collected  by  the  writer  it  is  seen  th^t  these  costs  bear  httle  or  no 
relation  to  the  size  or  outout  of  the  plant,  but  are  more  or  less 
dependant  on  the  labor.  For  example,  in  one  plant  in  Illinois  of 
2.000  H.  P.  the  miscellaneous  expenses  w-ere  .$582.00:  in  a  plant  of 
4,800  H.  P.  they  were  $22,440;  another  plant  of  5.300  H.  P.  the 
miscellaneous  expenses  were  $903.78.  Then  another  plant,  a  turbine 
plant  of  10.500  H.  P.  has  costs  amounting  to  onlly  $2,795.75.  I" 
some  plants  one  item  is  high,  while  another  is  verv  low.  In  steam 
turbine  plants  these  costs  are  probably  lower  than  in  reciprocating 
plants,  for  the  cost  of  lubrication  is  much  lower.  In  the  2.000  K.  W. 
steam  electric  station  using  coal  for  fuel,  mentioned  above,  the  oil 
pud  supplies  charge  wns  21^*^  of  the  total  expenses,  the  latter  item 
including  maintenance,  but  none  of  the  other  fixed  charges,  viz., 
mterest.  depreciation,  taxes  and  insurace. 

The  up  to  date  power  plant  will  consist  of  good  e(|ui])ment  and 
buildings,  designed  for  economy.  Operating  expenses  will  be  re- 
duced as  much  as  possible  and  the  cost  of  power  minimized.     An- 
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alysis  of  the  total  power  costs  of  modern  steam  plants  ot  5,000  to 
10,000  K.  W.  capacity  show  that  the  capital  costs,  including  interest 
and  depreciation,  amount  to  about  50%  of  the  total.  For  such  high 
grade  stations,  with  thoroughly  modern  equipment,  we  should  expect 
an  investment  cost  of  from  $150.00  per  K.  W.,  in  the  smaller  down 
to  $100.00  per  K.  W.  in  the  larger  sizes.  In  a  very  few  large 
stations  the  investment  cost  has  been  less  than  $100.00  per  K.  W. 
Compactness  saves  money  in  regard  to  floor  area  and  buildings. 
The  right  kind  of  fuel  must  be  considered  and  used ;  and  the  operat- 
ing engineer  must  always  be  on  the  watch  to  gain  efficiency  and 
reduce  the  cost  of  power,  and  consequently  the  power  plant  costs. 


48  The  Technograph. 

THE   PROBLEM    OF   THE   SMALL   GAS    PRODUCER. 


R.  E.   Robinson,  M.  E.,  'o8. 

The  steady  improviement  in  producer-gas  power-plant  design, 
as  regards  initial  cost  and  reliability  of  operation  especially,  is 
bringing  this  type  of  installation  deservedly  more  and  more  into 
favor.  With  increased  confidence  comes  application  to  more  diverse 
classes  of  work,  which  naturally  introduces  new  problems  of  design. 
An  interesting  phase  of  the  subject,  and  one  of  considerable  im- 
portance, is  seen  in  small  plants  of  less  than  lOO  to  150  H.  P. 
At  present  the  suction  type  of  producer  is  used  exclusively  in  these 
plants,  making  it  necessary  to  use  anthracite  coal,  coke,  or  charcoal 
as  fuel,  since  no  suction'producers  as  now  put  on  the  market  have 
demonstrated  their  ability  to  run  on  bituminous  coal  or  other  tarry 
fuels ;  and  in  spite  of  the  favorable  showing  of  the  suction-producer 
operating  on  anthracite  as  compared  with  the  best  steam  plants  of 
like  capacity,  the  constant  upward  tendency  of  prices  makes  the 
utilization  of  low-grade  fuels  a  most  attractive  field  for  investigation. 

The  difficulty  in  the  way  of  this  project  Hes  in  the  tarry  dis- 
tillates from  bituminous  coal.  This  tar,  volatilized  in  the  producer, 
condenses  in  the  pipes  and  .valves  unless  it  is  removed  from  the  gas 
or  "cracked"  into  compounds  that  remain  gaseous  at  ordinary  tem- 
peratures. Several  European  manufacturers,  and  at  least  three 
in  America,  build  producers  that  are  commercially  successful  in  sizes 
above  200  H.  P.,  but  all  of  these  may  be  put  into  one  of  two  classes 
which  are  well  represented  by  two  American  installations,  and  all 
are  open  to  the  same  objection  in  the  smaller  sizes.  The  Taylor 
pressure  producer,  put  on  the  market  by  R.  D.  Wood  &  Co.,  of 
Philadelphia,  eliminates  the  tarry  vapors  by  means  of  a  scrubber 
and  tar-extractor,  and  it  is  a  250  H.  P.  Taylor  apparatus  with  which 
the  United  States  Geological  Survey  Fuel-Testing  Plant  at  St.  Louis 
secured  such  remarkable  results  in  i904-'o6.  The  Loomis-Petti- 
bone,  which,  as  well  as  the  above-mentioned  producer,  has  been 
too  often  discussed  in  recent  technical  publications  to  require  de- 
tailed description  here,  is  a  down-draft  apparatus  in  which  the  tar 
is  fixed  as  a  permanent  gas  and  sooty  impurities  are  burned  to  CO 
by  passing  the  products  of  distillation  though  a  thick  incandescent 
fuel-bed.  Both  of  these  installations  are  commercially  successful 
in  large  sizes,  their  manufacturers  guaranteeing  a  fuel-economy 
of  something  like  1.2s  lbs  of  medium  bituminous  coal  per  H.  P. 
hr.,  and  claiming  as  low  as  i  lb.  per  H.  P.  hr.  at  the  generator- 
terminals  as  a  fair  average  performance. 

In  sizes  below  250  H.  P.,  however,  the  scrubbers  and  tar-sepa- 
rator of  the   former,  the  complicated  gas-generator  of  the   latter, 
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and  the  large  gas-holders  required  by  each,  so  increase  the  initial 
cost  as  to  offset  by  the  higher  fixed  charges  the  saving  due  to  the 
use  of  cheap  fuel,  as  will  be  seen  on  inspection  of  the  accompanying 
table. 


Type. 

X 

a 

s 

■g^    c 

sic 

0)    D.  t,    M 

0  t,  u, 

0  0    . 

wK 

H  cu          1        ^0 

fcOOHt- 

O&Cni" 

OftnO 

Loomis-Pettibone 

5.SOO 

30,061,120 

$385,000 

$50,640 

$60,995 

0.376 

Loomis-Pettibone 

2000 

9,857,440 

127,500 

19,965. 

22,984 

0.523 

Loomis-Pettibone 

500 

1,531,430 

35,000 

5,483 

6.290 

0.97 

Loomis-Pettibone 

250 

472,020 

23,200 

3,574 

2,727 

1.27 

Otto,   Suction 

1 10 

330,000 

5,200      1,035 1     1,353 

0.72 

Otto,  Suction 

60 
1000 

180,000 

3,050        699 1        908 

0.88 

Steam    

3,000,000 

85,000      9,ooo|    11,031 

0.668 

Hydro-Electric  .  .  . 

1000 

3,000,000 

105,000    io,55oi    4,300 

0.498 

Note. — The  figures  for  gas  plants  are  adapted  from  data  given 
by  Mr.  R.  H.  Fernald  in  a  paper  presented  before  the  Western 
Society  of  Engineers,  on  "The  Present  Status  of  the  Producer-Gas 
Powqr-Plant  in  the  United  States."  The  suction-producers,  also, 
have  no  electrical  apparatus  in  connection,  and  consequently  should 
have  their  operating-cost  increased  by  about  .  ic  per  H.  P.  hr.  to 
cover  the  expense  of  electrical  transformation. 


From  this  table  it  appears  that  a  500  H.  P.  pressure  is  very 
near  the  margin  of  economical  operation,  while  the  250  H.  P.  unit 
is  beyond  it  as  compared  with  a  suction-producer  of  only  half  the 
capacity,  operating  on  anthracite  coal.  This  difference  in  favor  of 
the  suction-plant  is  being  steadily  cut  down,  but  not  in  the  most 
desirable  way,  by  the  growing  scarcity  of  anthracite  coal — ground 
is  rather  being  lost  by  the  suction-producer  than  gained  by  the  other 
types.  The  needs  of  the  small  power-consumer  near  a  manufactur- 
ing center  are  of  course  best  taken  care  of  by  large  central  stations 
which  either  generate  and  distribute  electrical  power  as  do  the  Fisk 
Street  Station  of  the  Commonwealth  Electric  Co.  and  the  Niagara 
hydro-electric  plants,  or  distribute  gas  for  power  purposes  as  is 
a  not  uncommon  practice  in  continental  Europe  and  England,  where 
large  by-product  gas-plants  of  the  Mond  type  are  in  operation,  re- 
covering the  v*arious  by-products  and  delivering  gas  at  a  considerable 
distance.  In  the  case  of  isolated  plants,  however,  where  excessive 
transmission-losses  make  these  arrangements  impracticable,  there  is 
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a  large  and  by  no  means  decreasing  field  for  economical  plants  of 
small  capacity.  It  is  evident  then  that,  even  aside  from  its  probable 
value  as  applied  to  large  plants,  any  successful  investigation  of  a 
small  gas-producer  will  be  well  worth  while. 

As  to  the  general  direction  of  such  investigation,  it  would 
seem  to  be  naturally  fixed  by  the  fact  that  the  present  unsatisfactory 
conditions  occur  in  the  producer  and  cannot  be  materially  affected 
by  the  behavior  of  any  engine  or  engines  operating  on  the  gas.  The 
relation  here  is  closely  analagous  to  that  of  the  steam  boiler  and 
engine ;  the  operation  of  the  producer  will  depend  not  on  the  char- 
acteristics of  the  engine,  but  rather  on  the  conditions  which  may 
almost  be  called  inherent  in  itself,  as  for  example  fuel-bed  tem- 
peratures, intensity  of  draft,  etc.  In  steam  practice  boiler  and  engine 
are  never  tested  as  a  single  unit  when  it  is  desired  to  locate  and 
remedy  some  trouble  known  to  exist  in  the  boiler-equipment,  and 
by  a  similar  course  of  reasoning  one  reaches  the  conclusion  that  it  is 
a  needless  complication,  in  the  early  stages  of  the  work  at  least, 
to  combine  a  study  of  a  gas-generator  with  tests  of  a  gas-consumer. 
It  is  quite  true  that  the  mechanical  efficiency  of  the  gas-engine  is 
low,  leaving  room  for  great  improvement  at  that  point,  but  the 
main  idea  of  the  present  consideration  is  to  arrive  at  some  method 
of  making  a  clean,  combustible  gas,  free  from  constituents  detri- 
mental to  valves  and  fittings,  from  inferior  fuels  without  the  use 
of  expensive  or  complicated  apparatus ;  and  it  is  unlikely  that  gas- 
engine  tests  run  in  connection  with  the  producer,  diverting  the  atten- 
tion from  the  main  object  of  the  work  as  they  must,  will  give  data 
of  a  value  commensurate  to  the  added  difficulty  and  expense. 

Of  at  least  equal  importance  with  aiming  the  -investigation 
in  the  right  direction  is  carrying  it  out  in  the  right  way.  It  is 
necessary  to  proportion  the  scope  of  the  investigation  to  the  facili- 
ties available,  not  attempting  either  to  cover  too  much  ground  ex- 
perimenally  or  to  generalize  conclusions  from  insufficient  data.  The 
first  thing  to  look  out  for.  however,  is  the  tendency  of  the  so-called 
"practical  experimenter"  to  dispense  with  theoretical  analysis  alto- 
gether, to  put  in  a  pressure-gage  here,  and  a  thermometer-cup 
there,  analize  a  few  samples  of  coal  and  gas.  throw  the  data  together 
and  call  it  a  test,  never  stopping  to  think  that  bv  this  very  haste  to 
"get  results"  he  is  defeating  his  own  ends.  The  preparation  for 
anv  experimental  work  should  be  a  most  thorough  study  of  all  the 
information  at  hand  on  the  given  subject  and  a  close  analytical  con- 
sideration of  the  problem.  Too  many  investigators  attempt  to 
carry  on  advanced  research  and  expect  to  draw  correct  conclusions 
without  sufficient  knowledge  of  the  principles  underlying  their  work. 
If  progress  in  this  line  is  to  be  made  by  scientific  studv  rnther  than 
rulc-of-thumb  methods,  the  first  step  after  the  theoretical  analysis. 
<nnd  hardlv  separable  from  it.  is  a  series  of  tests  to  obtain  accurate. 
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reliable  data  giving  definite  knowledge  of  the  chemical  reactions 
going  on  in  the  fuel-bed,  their  cavises,  and  the  temperatures  at 
which  they  take  place  under  present  normal  operating  conditions, 
and  giving  means  of  learning  the  physical  and  chemical  laws  gov- 
erning these  reactions.  This  being  done,  experiments  should  be 
carried  on  to  determine  the  effect  of  changing,  one  at  a  time,  the 
various  items  such  as  initial  temperature  of  the  blast,  percent  of 
moisture  supplied,  intensity  of  draft,  rate  of  combustion,  depth  of 
fuel  bed,  etc.,  keeping  always  in  mind  the  idea  of  studying  the  data 
with  a  view  to  learning  the  natural  laws  which  govern  every  stage 
of  the  process  and  by  virtue  of  which  the  changes  in  conditions 
produce  the  results  secured.  An  experimenter  working  on  some 
such  scheme  as  the  foregoing,  and  at  the' same  time  recognizing  the 
value  of  an  occasional  lucky  guess,  is  the  one  who  is  going  to  find 
out  just  what  can  and  what  can  not  be  done  with  a  small  gas- 
producer. 
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THE  HEATING  OF  FEED  WATER  FOR  BOILER 
PURPOSES. 


Theodore  Weinshank,  M.  E.,  '96. 

In  preparation  of  this  paper  1  take  for  granted  that  at  least 
a  few  chemists  will  read  it  and  I  have,  therefore,  endeavored  to 
present  the  subject  as  simply  as  possible  so  far  as  pertains  to  the 
engineering  feature.  It  is  not  the  intention  to  show  the  advisability 
and  necessity  of  the  heating  of  feed  water  for  boiler  purposes,  as 
that  is  a  mere  matter  of  heat  units,  but  rather  the  purification  of 
water  for  boiler  uses.  The  purification  of  water  for  boiler  purposes 
is  so  simple  that  a  deep  knowledge  of  chemistry  is  not  necessary 
in  order  to  understand  the  principles  involved. 

Water  in  General:  W^ater  is  a  combination  of  two  elements, 
hydrogen  and  oxygen,  in  the  proportion  of  two  parts  hydrogen  to 
one  part  oxygen.  If  a  mixture  of  the  two  elements  are  brought  to- 
gether in  the  proper  proportions,  and  a  flame  applied,  they  will  unite 
and  form  water. 

99%  of  the  water  on  earth  is  in  the  oceans.  From  the  oceans 
the  water  evaporates  and  rises  and  is  carried  away.  When  the 
clouds  that  carry  this  vapor  come  into  contact  with  cool  currents 
of  the  air,  the  moisture  of  vapor  condenses,  and  rain  or  snow  is 
formed.  When  the  rain  or  snow  strikes  the  earth,  a  portion  of  it 
runs  away  on  the  surface  and  forms  small  rivulets,  and  these 
streams  in  turn  form  rivers  and  lakes,  and  these  in  turn,  empty 
into  the  ocean. 

A  portion  of  the  water  which  flows  on  the  earth  is  absorbed 
by  the  soil  and  after  passing  through  the  strata  of  the  earth,  appears 
in  the  form  of  springs,  or,  beneath  the  surface,  is  reached  by  means 
of  wells. 

The  water  used  for  boiler  purposes,  if  used  before  it  has  passed 
through  the  earth,  (or,  in  other  words,  if  rain  water  could  be  ob- 
tainable for  boiler  purposes),  would  be  considered  as  the  best  feed 
water,  because  it  contains  only  those  impurities  which  the  drops 
have  absorbed  from  the  air,  and  a  small  portion  of  carbonic  acid 
gas.  It  is  well  known  that  rain  water  is  a  great  solvent  and  under 
ordinary  atmospheric  pressure,  would  dissolve  its  own  carbonic 
acid  gas.  But  when  rain  water  passes  through  the  soil  and  through 
various  rock,  it  comes  in  contact  with  mineral  salts  which  will 
dissolve.  The  water  dissolves  them  and  carries  them  along  in 
solution.  If  rain  water  flows  in  a  region  where  the  rock  is  granite 
or  slate  or  some  other  insoluble  substance,  it  does  not  dissolve  much 
of  it,  but,  if  it  passes  through  a  region  where  the  predominating 
rock  is  lime,  sand,  or  a  strata  that  contains  compounds  of  lime  and 
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magnesia,  then  the  rain  water  dissolves  these  and  causes  the  water 
to  be  what  is  known  as  hard. 

Decaying  vegetation  also  gives  up  to  the  water  flowing  over 
it  a  number  of  acid  combi^iations  and  certain  organic  impurities 
which  have  a  serious  effect  on  the  nature  of  the  water  when  con- 
sidered for  boiler  feed  purposes. 

From  the  above  you  will  note  that  water  for  boiler  purposes 
may  be  influenced  by  the  following: 

First,  by  the  kind  of  rock,  or  local  conditions  of  vegetation. 

Second,  by  the  depth  to  which  it  penetrates. 

Third,  by  the  time  it  remains  in  the  earth. 

The  ideal  water  for  boiler  purposes  is  one  that  does  not  deposit 
scale,  does  not  corrode  and  does  not  cause  the  boilers  to  foam. 
Unfortunately  such  water  does  not  exist  in  nature. 

I  mentioned  the  term  hard  water ;  and  the  cause  of  this  being 
the  amount  of  lime  and  magnesia  held  in  solution  by  the  water. 
In  order  to  make  it  more  explicit  I  will  endeavor  to  subdivide  the 
hardness  of  the  water  into  two  kinds — the  temporary  hardness  and 
the  permanent  hardness. 

Te;mporary  Hardness:  Temporary  hardness  is  due  to  car- 
bonate of  lime  and  carbonate  of  magnesia  held  in  solution  by  car- 
bonic acid  gas.  The  latter  has  been  absorbed  as  stated  above,  from 
the  air.  By  boiling  this  water  we  drive  off  the  carbonic  acid  gas, 
and  it  causes  a  chemical  decomposition  and  forms  a  deposit  of  im 
soluble  carbonate  of  lime  or  carbonate  of  magnesia. 

Permanent  Hardness  :  Permanent  hardness  is  due  to  the 
solution  of  the  sulphates  of  lime  and  sulphates  of  magnesia. 
These  elements  remain  in  solution  in  the  water  after  it  has  been 
boiled,  because  they  do  not  depend  upon  the  carbonic  acid  gas  to 
hold  them  in  solution. 

From  the  above  you  will  notice  that  a  large  portion  of  scale 
formation  is  due  to  the  presence  of  four  elements ;  carbonate  and 
sulphate  of  lime  and  carbonate  and  sulphate  of  magnesia.  If  we 
could  provide  means  by  which  we  could  get  rid  of  these  four  elements, 
we  would  prevent  scale  forming  in  the  boilers.  The  carbonate  of 
lime  and  magnesia  alone  do  not  form  a  very  hard  scale,  but  it  is 
bulky  because,  when  crystalizing,  carbonate  of  lime  combines  with 
many  times  its  weight  of  water. 

The  white  chalky  matter  that  is  washed  out  from  the  boilers, 
and  which  can  often  be  found  about  a  boiler  house,  is  the  impure 
carbonate  of  lime.  If,  however,  we  could  provide  means  by  which 
we  could  boil  the  water  before  it  enters  the  boiler,  or,  in  other  words, 
if  we  can  provide  a  feed  water  heater  that  will  bring  the  water  up 
to  boiling  point  before  it  is  pumped  into  the  boiler,  we  will  provide 
a  means  to  deposit  the  carbonate  of  lime  and  magnesia  in  the  feed 
water   heater  before   it   is   pumped   into  the   boiler.      If,   however. 
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an  open  type  of  feed  water  heater  is  not  installed  to  boiler  the 
entire  supply  of  water,  then  chemicals  can  be  used,  which,  when 
added  to  cold  water,  will  combine  with  the  carbonic  acid  gases  in 
it,  and  thus  remove  them  from  the  water.  Once  the  carbonic  acid 
gas  is  -removed,  the  carbonate  of  lime  and  magnesia  will  deposit 
and  form  a  sediment. 

The  one  chemical  most  available  for  this  purpose,  because  of 
its  great  abundance  and  low  cost,  is  the  common  building  lime  or 
the  so-called  quick  lime.  It  is  no  more  or  less  than  a  compound  of 
lime  and  oxygen.  When  common  lime  is  mixed  with  water  it 
forms  what  is  called  slack  lime.  When  slack  lime  is  added  to  water 
containing  carbonate  of  lime  in  solution  which  is  held  by  carbonic 
acid  gas,  then  this  carbonic  acid  uniting  with  the  slack  lime  forms 
carbonate  of  lime  and  settles  down  as  a  sediment. 

From  the  above  it  will  be  seen  that  there  are  two  ways  of 
removing  temporary  hardness  from  the  water ;  either  by  bringing 
it  to  a  boiling  point,  or  by  applying  slack  lime,  and  allowing  the 
carbonate  to  settle  in  a  tank,  or  other  vessel. 

Sulphate  of  lime  is  commonly  known  as  plaster  paris.  Its  scale 
is  not  thrown  out  of  solution  until  the  water  is  heated  up  to  about 
.■^02  degrees  Fahrenheit,  which  is  equivalent  to  55  lbs.  boiler  pres- 
sure. Sulphate  of  lime,  after  being  precipitated  in  the  boiler,  unites 
with  such  other  deposits  as  are  in  the  boiler  and  forms  a  hard  cement- 
like scale.  It  is  a  very  poor  conductor  of  heat.  Being  soluble  in 
water,  it  is  free  from  carbonic  acid  gas,  and  cannot  be  removed 
by  means  of  slack  lime.  But  it  can  be  removed  by  means  of  car- 
bonate of  soda,  or  the  so-called  soda  ash.'  The  action  takes  place 
as  follows : 

When  the  water,  containing  sulphate  of  lime  dissolved  in  it, 
is  mixed  with  the  water  solution  of  carbonate  of  soda,  a  chemical 
action  takes  place,  namely  ;  sulphate  of  lime  plus  carbonate  of  soda 
react  and  form  carbonate  of  lime  and  sulphate  of  soda.  The  sul- 
phuric acid  which  was  originally  combined  with  the  lime,  leaves 
the  lime  and  combines  with  the  soda,  forming  sulphate  of  soda, 
while  the  carbonic  acid  gas  which  was  combined  with  the  soda 
leaves  the  soda,  and  combines  with  the  lime,  forming  a  carbonate 
of  lime.  The  carbonate  of  lime  settles  down  as  a  white  sediment, 
while  the  sulphate  of  soda  remains  in  solution.  Therefore,  to  re- 
move the  sulphate  of  lime  from  the  water,  before  it  enters  the  boiler, 
it  is  necessary  to  add  to  the  water  the  proper  amount  of  soda  ash 
reciuired  to  combine  with  the  sulphate  of  lime,  allowing  the  white 
sedinient  to  settle  down. 

Sui.PTTATK  ov  MAGNr<;siA:  Sulphate  of  magnesia  is  commonly 
known  as  Fpsom  Salts.  Sulphate  of  magnesia  of  itself  does  not 
form  a  boiler  scale,  but  when  in  a  boiler  with  carbonate  of  lime, 
imites  with  the  latter  and  forms  a  sulphate  of  lime  and  hydrate  of 
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magnesia.  These  two  compounds  form  a  ver}-  hard  stoneHke  scale. 
Sulphate  of  magnesia  can  be  removed  from  the  water  before  it 
enters  the  boiler  by  caustic  soda,  or  soda  ash  and  slack  lime. 

From  the  above,  you  will  note  that  the  scale  in  boilers  is  due 
to  the  following  five  causes : 

First,  deposition  of  lime  and  magnesia  due  to  the  boiling  off 
of  the  carbonic  acid  gases  of  the  water  in  which  they  were  dissolved. 

Second,   deposition   of   sulphate   of  lime   due  to   high  temper 
ature  in  boiler. 

Third,  deposition  of  magnesia  compounds  due  to  their  decom- 
position in  the  water. 

Fourth,  deposition  of  sand,  clay,  and  other  matter  that  was 
suspended  in  the  water. 

Fifth,  Organic  matter. 

The  first  difficulty  can  be  overcome  either  by  boiling  the  feed 
water  or  by  means  of  a  settling  tank.  The  second  and  third  can  be 
overcome  with  caustic  soda  or  soda  ash,  and  the  fourth  can  be  over- 
come with  a  good  filterer. 

To  overcome  the  first,  a  boiler  house  must  be  provided  with 
a  proper  open  type  feed  water  heater.  It  is  often  the  problem  with 
the  purchasing  agents  where  they  can  buy  the  cheapest  feed  watei 
heater,  disregarding  the  quality  and  quantity  of  water  their  poor 
operating  engineer  must  handle.  In  order  to  remove  all  the  car- 
bonate of  lime  and  msagnesia  from  the  feed  w^ater  heater,  the  con- 
struction of  the  heater  nuist  be  such  as  to  divide  the  cold  water 
before  it  comes  in  contact  with  the  steam  into  a  very  fine  spray,  or 
small  drops,  so  as  to  give  the  steam  an  opportunity  to  come  in 
contact  with  the  entire  body  of  water,  and  thus  bring  it  to  a  boiling 
point  instantaneouslv. 

The  next  and  most  important  point  is  to  have,  in  the  heater, 
v^olume  enough  in  the  steam  space  so  as  to  give  the  water  and  steam 
low  velocities,  which  would  help  considerable  to  heat  tbe  water  to 
a  high  temperature,  thus  removing  all  carbonate  of  magnesia  or 
lime. 

To  remove  the  second  and  third  cause  of  scale  formation  a 
provision  must  be  made  in  the  feed  water  heater  by  which  a  suffi- 
cient amount  of  soda  ash  can  be  admitted  into  it  before  the  water 
is  pumped  in  the  boiler.  In  other  words  the  boiler  is  not  a  retort 
in  which  to  produce  chemical  reactions.  If  the  water  is  to  be  subject 
to  chemical  treatment,  it  must  be  done  outside  of  the  boiler,  either 
through  feed  water  heater  or  settling  tank,  or  both,  as  it  is  the 
only  way  by  which  scale  formation  can  be  successfully  prevented. 
To  remove  the  fourth  cause  of  scale  formation,  a  proper  filter, 
which  is  an  essential  part  of  the  design  of  a  good  feed  water  heater, 
must  be  provided  and  properly  cared  for. 

The  fifth  element  only  forms  scale  by  decomposition  and  the 
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fornialion  of  acids  which  combine  with  some  of  the  permanent 
bases.  Their  effect  is  usually  to  produce  corrosion,  which  is  over- 
come by  addition  of  suitable  neutralizing  agents  to  take  care  of 
the  acids. 

There  arc  three  types  of  heaters  now  in  use : 

THE  closed! 

THE  THOROUGHFARE. 

Till-:  INDUCTION. 


Closed  Type. 


The  operation  of  the  closed  type  is  as  follow^s : 

The  feed  water  for  the  heater  is  admitted  to  one  of  the  end 
chambers,  forced  by  the  pump  through  the  first  series  of  brass  tubes 
into  the  upper  chamber,  from  thence  downward  through  the  second 
series  of  tubes  to  the  second  sediment  chamber,  and  so  on  until  it 
reaches  the  fourth  and  last  chamber,  from  which  it  travels  to  the 
boiler.      In   other  words,   the  water  travels  through   the  tubes   up 
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and   down   until   it   passes  through  the   entire  system   of   tubes   to 
the  boiler. 

The  exhaust  steam  to  the  heater  is  introduced  on  the  outer 
shell  by  a  flange  connection.  By  an  arrangement  of  baffle  plates 
it  circulates  freely  and  evenly  amongst  the  brass  tubes,  imparting 
its  heat  to  the  feed  water  inside,  and  passes  out  on  the  other  side 
to  the  atmosphere. 


.•1^»jhyv m 

. ;•' ^T! 


'•■■\       ''•?" 
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Thoroughfare    Type. 


From  the  above  description,  it  is  plainly  seen  that  the  pressure 
in  the  discharge  mlust  be  equal  to  that  of  the  boiler  pressure  plus 
any  amount  required  to  overcome  the  friction  of  the  water  in  the 
tube  to  lift  the  check  and  other  friction  losses.  The  water  handled 
by  the  pump  is  cold  and  whatever  impurities  there  are  in  the  water 
will  be  either  forced  throusrh  the  brass  tubes  and  into  the  water 


58 


The  Technograph. 


heater,  or,  if  the  water  bectMiies  liot  enough  in  its  travels  through 
the  tubes  so  that  it  will  deposit  carbonates  of  lime  and  magnesia, 
it  will  coat  the  tubes  inside  and  if  the  amount  of  lime  is  great,  it 
is  only  a  question  of  time  until  the  tubes  will  become  so  coated  that 
they  will  be  absolutely  useless.  To  clean  a  heater  of  this  type  is 
almost  equivalent  to  rebuilding  it.  As  the  breaking  of  the  joints 
that  must  be  kept  up  tight  under  boiler  pressure  is  no  small  matter 
and  to  remove  the  lime  and  scale  from  the  interior  of  a  i^"  or  2" 
tube  is  no  easy  process,  unless  special  tools,  made  for  this  work 
are  obtainable,  this  type  of  heater  is  almost  prohibited  in  the  state 
of  Indiana,  northern  part  of  Michigan,  and  northern  part  of  Wis- 
consin,  where  there  is  considerable  permanent  hard  water  in  use. 


CIbm    "IX''    Type  — 500  10  750  II.   V. 


1.  Filler  Chamber. 

2.  Heating  Chamber. 
.3.  Oil  Separator. 

5.  Down-CMSt. 

6.  Filter-Screens. 

7.  Settling-Chamber. 

8.  Hot  Water  Outlet. 

9.  Division  Plates. 

10.  Relief-pipe. 

11.  Open  Sink-Pan.     (Water  Supply.) 

12.  Sink-Pan  Rod.     (Water  Supply.) 

13.  Stuffing  Box.     (Water  Supply.) 

14.  Counterbalance-Weight.     (Water 

Supply.) 

15.  Counterbalance-Weight.    Overflow.) 

16.  Stuffing-bo.\.     (Overflow.) 

17.  Open  Sink-Pan.     (Overflow). 

18.  Vent  and  Inlet  Air-Valve. 

19.  Tray-Bra  kets. 

20.  Oil  Separator  Chamber. 

21.  Separate    Drain. 

22.  Heating  Tray. 

23.  Tray-L"cking  Device. 

24.  Water.Inlet  Seal. 

25.  Wa  er-Inlet  Trough. 

26.  Cold  Water  Supple-Pipe. 

27.  Cold  Water  Regulating-Valve. 

28.  Connecting-Rod.     (Water  Supply.) 

29.  Connecting-Rod.     (Overflow.) 

30.  Overflow-Valve. 

32.  Drain  to  Waste. 

33.  Stay-Bolt. 

34.  Gauge-Glasses. 

36.  Exhaust  Steam  Inlet. 


Induction  Type. 

The  thoroughfare  tvpe  of  heater  is  one  of  the  open  type  in 
which  the  entire  supply  of  exhaust  steam  is  forced  into  the  heater 
at  an  opening  left  on  top  of  it  from  which  the  surplus  exhaust  may 
flow  to  the  atmo.sphere.  This  arrangement  w^orks  very  satisfactorily 
under  all  conditions  where  the  surplus  of  exhaust  steam  is  being 
wasted  to  the  atmosphere. 

The  description  of  the  operation  of  the  Thoroughfare  heater 
is  fully  described  under  the  next  type  of  Induction  Heaters,  with  the 
two  exceptions,  namely,  that  the  entire  exhaust  is  made  to  pass 
through  the  heater  and  the  water  is  being  filtered  downward.  The 
operation  of  this  type  is  satisfactory,  as  explained  above,  but  when 
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the  surplus  exhaust  steam  is  being  used  for  heating  purposes,  then 
the  steam  which  passes  through  the  feed  water  heater  is  almost 
at  a  point  of  saturation,  and  at  the  moment  it  strikes  the  cold 
surface  of  the  steam  pipe  it  deposits  this  water  there,  and  the  heat- 
ing system  must  handle  too  much  water  without  getting  any  benefit 
out  of  it.  In  addition  to  this  the  amount  of  water  that  the  exhaust 
will  carry  away  within  its  folds  is  nearly  equivalent  to  the  amount 
of  exhaust  steam  condensed  to  heat  the  feed  water. 

The  Induction  type  heater  is  of  the  same  open  type  as  the 
Thoroughfare,  only  it  is  so  constructed  that  the  amount  of  steam 
required  to  heat  the  feed  water  is  introduced  into  the  heater  by 
the  mere  fact  that  cold  water  coming  in  contact  with  steam  creates 
a  partial  vacuum  and  thus,  by  differential  pressure  the  requisite 
amount  of  steam  is  drawn  into  the  heater  and  there  condensed,  thus 
accomplishing  two  fold  results,  heating  the  feed  water  and  con- 
densing a  certain  amount  of  steam,  and  saving  this  condensation. 

Boiler  CleaneRvS  :  The  boiler  compounds  in  the  market  being 
so  numerous  that  it  is  impossible  to  refer  to  all  of  them,  I  will 
Imention  only  a  few  of  them  in  a  general  way.  There  are  some 
that  are  entirely  mechanical,  such  as  wire  plates,  brushes  ;  others  are 
supposed  to  have  a  chemical  action,  still  others  like  potatoes,  peas, 
moss,  kerosene,  etc.,  are  of  some  little  benefit,  because  they  form 
centers  about  which  lime  and  magnesia  gather,  and  thus  prevent 
a  formation  of  hard  scale. 

Some  chemicals  used,  and  which  are  called  boiler  compounds, 
are  humbugs,  and  some  were  found  to  be  more  harmful  than  good 
to  boilers ;  but  nearly  all  of  the  boiler  compounds,  so  far  as  giving 
fairly  good  results,  contain  a  certain  amount  of  soda  ash,  disguised 
and  discolored  as  a  rule  in  such  a  manner  that  it  takes  a  chemical 
analysis  to  detect  it.  Even  if  the  soda  ash,  if  improperly  used,  will 
do  more  harm  than  good  to  the  boiler.  But  if  any  engineer  wall 
learn  to  know  the  value  of  his  blow-ofif  and  remove  the  so-called 
sludge,  the  results  will  be  fairly  satisfactorv. 

Carefully  considering  all  the  boiler  compounds,  and  taking 
into  consideration  what  has  been  stated  above,  it  will  be  agreed 
that  there  is  no  necessity  of  having  any  scale  in  the  boiler  if  the 
water  is  treated  properly  before  it  is  pumped  into  the  boiler. 

From  a  financial  standpoint,  if  the  owners  of  manufacturing 
plants  would  but  realize  the  loss  of  fuel  due  to  the  scale,  the  price 
of  coal  would  be  the  second  consideration.  The  first  consideration 
would  be  to  keep  the  flues  clean.  As  an  example,  will  state  that 
from  a  table  prepared  by  Mr.  W.  S.  Hutton,  I  find  that  scale  ^" 
thick  will  waste  i8%  of  the  fuel ;  a  scale  yi"  thick  will  waste 
38%  of  the  fuel  and  in  some  part  of  Indiana  where  I  have  found 
scale  to  be  %"  thick,  the  loss  of  fuel  has  been  as  high  as  90%. 
Bven  taking  the  cost  of  fuel  to  be  $1.00  per  ton,  which  is  the 
cheapest  in  Indiana,  the  loss  due  to  scale  in  the  boiler  is  too  great 
to  be  ignored. 
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SOME   MATTERS    OF   COST   WHICH    AFFECT    DESIGN, 

AS  ILLUSTRATED  IN  THE  MANUFACTURE  OF 

ELECTRICAL  MACHINERY. 


E.  H.  Waldo,  M.  E. 

The  statement  that  Machine  Design  is  getting  out  the  best 
machine  for  the  least  money,  is  not  by  any  means  a  scientific  defini- 
tion of  the  term,  but  it  tells  a  large  part  of  the  story.  It  is  well 
recognized  that  the  "best"  machine  is  itself  always  a  compromise 
between  conflicting  components.  To  take  an  illustration  from  elec- 
trical machinery,  it  is,  in  general,  desirable  that  a  dynamo  should 
be  as  light  as  possible,  but  if  we  cut  down  the  material  too  far 
our  machine  will  overheat.  It  is  desirable  that  a  transformer  should 
have  both  high  insulation  and  good  regulation,  but  generally  the 
better  the  one  the  poorer  the  other  quality,  other  things  being  equal. 
Good  design  must  secure  the  proper  balance  of  the  various  elements 
to  get  the  "best"  machine. 

But  the  designer  soon  learns  that  the  buyer  demands  not  only 
a  good,  but  a  cheap  machine.  The  purchaser  of  electrical  ma- 
chinery is  himself  likely  to  be  a  manufacturer  and  realizes,  at  once, 
as  some  might  not,  that  the  lower  interest  charges  on  the  smaller 
first  cost  may  more  than  make  up  for  the  slightly  greater  operating 
expenses  of  the  cheaper  and  possibly  less  efficient  machine. 

If  it  were  thoroughly  understood  that  design  includes  the  con- 
sideration of  cost  of  production  as  well  as  the  excellence  of  opera- 
tion, the  statement,  now  much  less  frequently  heard  than  formerly, 
that  theory  and  practice  do  not  agree,  would  have  little  meaning 
and  would  seldom  be  made.  The  cost  end  of  the  proposition  is  the 
one  more  often  giving  trouble  to  the  practical  designer. 

It  is  understood  that  a  book  treating  of  the  theory  of  machine 
design  and  construction  cannot  take  into  account  all  nor  even  many, 
of  the  various  considerations  of  this  nature  which  constantly  come 
up  in  the  factory.  Below,  a  few  of  these  considerations  and  instances 
where  cost  varies  design  will  be  taken  up.  These  are  selected 
rather  at  random  and  with  the  idea  that  they  may  be  of  interest 
to  the  student,  not  that  they  are  new  to  the  manufacturer  or  de- 
signing engineer. 

One  of  the  principal  cost  factors  of  manufacture  which  modi- 
fies the  design  from  what  theoretical  considerations  would  other- 
wise dictate,  is  what  we  may  call  the  "cost  of  stocking." 
The  capital  invested  in  material  held  in  stock  is  lying  idle, 
earning  no  interest.  This  demands  that  stocks,  especially  of  un- 
finished— therefore  unsaleable — parts  to  be  kept  as  low  as  possible. 
Cheap  production,  however,  demands  manufacture' in  large  quan- 
tities, for,  to  produce  cheaply  we  need  to  use  automatic  machinery 
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which,  with  Httle  attention,  will  rapidly  turn  out  numbers  of  similar 
parts.  But  the  setting  up  and  adjusting  of  one  of  these  machines 
for  a  particular  job  requires  perhaps  several  hours  work  of  a  skilled 
mechanic,  after  which,  with  cheap  labor,  quantities  of  pieces  may 
be  run  through. 

Besides  the  expense  of  "setting  up,"  which  applies  not  only  to 
automatic  machinery  as  explained  above,  but  also  to  the  prepara- 
tion for  putting  through  any  job  of  work,  machine  or  hand,  it 
must  be  remembered  that  any  workman  becomes  more  proficient 
after  doing  special  one  set  of  operations  a  number  oi  times.  On 
any  new  operation,  however  little  may  be  the  variation,  he  cannot 
immediately  get  into  the  swing  of  the  work  and  make  his  best  time. 
The  more  similar  parts  therefore,  that  the  manufacturer  uses,  the 
less  will  be  the  expense  of  each  part. 

On  the  one  hand,  then,  we  require  production  in  large  quan- 
tities to  reduce  cost  of  manufacture,  on  the  other  the  making  of 
only  sufficient  numbers  for  immediate  use.  But  enough  stock  must  be 
carried  to  allow  of  uninterrupted  turning  out  of  the  finished  product 
and  also  to  allow  of  the  manufacture,  within  a  reasonable  time,  of 
any  particular  machine  called  for.  If,  then,  the  manufacturer  can 
make  use  of  the  same  part  in  the  construction  of  several  different 
machines,  he  need  not  carry  as  large  a  reserve  stock  as  if  each 
machine  took  a  different  part,  and  he  may,  at  the  same  time,  gain 
the  advantage  of  manufacturing  the  part  in  large  quantities. 

For  example,  except  for  the  above  considerations,  a  commu- 
tator of  a  length  to  give  the  necessary  current  capacity  would  be 
indicated  for  a  given  size  of  motor  for  230  volts ;  for  the  same  size 
motor  for  500  volts  a  commutator  possibly  half  as  long;  and  for  115 
volts  one  twice  as  long.  The  chances  are,  however,  that  all  three 
motors  will  have  a  commutator  long  enough  for  115  volts  as  it 
would  be  cheaper  to  use  the  extra  material  for  all  the  other  voltages 
than  to  go  to  the  expense  of  separate  patterns  and  of  "stocking" 
three  dift'erent  commutators.  This  is  especially  true  in  view  of 
the  other  necessary  changes  entailed.  In  the  commutator  of  a 
large  generator,  on  the  other  hand,  the  saving  in  copper  would  more 
than  pay  for  the  added  expense  of  extra  parts ;  and  as  the  price  of 
copper  increases,  the  smaller  the  size  becomes  for  which  it  would  pay 
to  use  different  commutators  for  each  voltage.  The  number  of  ma- 
chines of  a  given  size  put  out  also  affects  this.  The  larger  the 
output,  the  more  varieties  is  n  economical  to  keep  in  stock,  as  can 
be  seen  from  the  following  out  of  the  arguments  above. 

To  take  another  example  ;  the  less  expense  involved  in  making  and 
using  a  single  die  and  punching  numbers  of  similar  discs,  may  make 
it  desirable  to  build  two  sizes  of  dynamos  with  the  same  diameter  of 
armature  when  otherwise  two  slightly  different  diameters  would 
have  been  used ;  the  increased  capacity  of  the  larger  machine  being 
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secured  in  this  case  by  making  one  armature  longer  than  the  other. 
Or.  again,  in  transformers,  the  same  core  punchings  and  end 
plates  may  be  used,  simply  building  up  a  longer  core  for  the  greater 
output. 

In  connection  witb  the  cost  of  producing  in  small  versus  large 
quantities,  it  might  not  be  out  of  the  way  to  mention  some  difficulties 
arising  from  the  specifying  of  special  apparatus.  Some  consulting 
engineers  are  quite  addicted  to  this  vice.  There  is  much  that  can 
be  said  in  favor  of  not  standardizing,  as,  that  standardization  tends 
to  hinder  "the  advancement  of  the  art."  Still  when  the  consult- 
ing engineer  learns  the  cost  of  the  special  machine  which  is  offered 
to  meet  his  specifications,  he  usually  finds  that  "the  art"  will  after 
all  allow  him  to  use  a  standard  article  very  nicely.  One  of  the 
most  fre(|uent  recjuirements  of  this  nature  is  a  special  speed- on  a 
motor.  This  is  often  necessary,  but  a  purchaser  has  been  known 
to  demand  such  a  speed  merely  for  the  sake  of  using  some  old 
pulley  on  hand.  Generally  this  is  not  an  expensive  change,  pro- 
vided too  exact  a  speed  be  not  required,  but  only  the  manufacturer 
can  tell,  for  it  may  happen  on  a  medium  sized  motor  that  such  a 
change  may  require  a  special  core  punching.  This  means  first. 
a  new  die  at  a  cost  of  about  $5 .  oo ;  then  the  setting  up  of  the  punch 
press  for  this  one  armature — which  may  take  longer  than  punching 
— at  a  cost,  let  us  say,  of  a  dollar  more.  If  the  standard  motor 
is  of  such  a  size  that  a  combination  punch,  punching  all  or  several 
of  the  slots  at  once,  is  used,  it  will  take  many  times  longer  to  do 
the  punching  of  this  special  speed  motor,  perhaps  costing  a  further 
$3.00  extra.  A  combination  punch  for  a  single  machine  is  of  course 
out  of  the  c|uestion.  In  the  case  supposed  a  special  commutator 
will  be  r'-(|uired  also,  and  the  die  for  making  the  segments  will 
cost  another  $5.00.  It  may  require  special  brushes  and  brush 
holders.  Then  every  process  through  the  shop  takes  extra  time 
from  the  drawing  of  the  standard  parts  out  of  stock, — ^where  it  takes 
as  long  to  make  out  the  requisitions  for  one  set  of  parts  as  for  ^ 
hundred  and  nearly  as  long  to  get  them  out — through  to  the  Test- 
ing Room,  where  special  pulleys  must  be  looked  up  and  the  test 
made  singly.  Not  only  does  it  take  a  man  some  little  time  to  get 
hold  of  the  new  work,  but  he  is  more  likely  to  "loaf  on  the  job" 
and  to  put  it  off  till  convenient,  because  it  is  "special"  and  breaks 
in  on  the  regular  work.  This  feeling  goes  all  the  way  from  the 
Contract  Department  through  the "  Engineering  Department  and 
Drafting  Room  to  the  last  man  handling  the  niachine  in  the  Test- 
mg  Room.  This  increases  the  time  it  is  in  the  shop.  One  might 
suppose  that  the  extra  expense  wonld  end  with  the  actual  extra 
cost  of  material  and  labor  in  all  the  departments,  but  one  other  ex- 
pense, often  overlooked,  must  be  added.  While  this  special  motor 
IS  wmding  its  slow  way  through  the  shop,  it  is  taking  up  the  space 
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and  using  the  tools  which  mig-ht  haVe  been  employed  in  the  pro- 
duction of  several  "standard"  machines,  so  that  here  again  comes 
in  the  item  of  idle  investment.  Therefore,  to  come  out  even,  the 
manufacturer  must  add  to  the  actual  shop  cost  and  profit,  a  "burden" 
on  all  special  apparatus.  When  all  the  above  points  are  taken  into 
consideration  our  buyer  of  the  special  speed  motor,  costing,  for  the 
standard  speed,  say  $300.00.  may  well  have  added  $50.00  to  this 
price — rather  a  high  price  to  pay  for  his  pulley. 

The  sizes  of  sheet  iron  and  steel  obtainable  will  of  course 
effect  design  as  will  the  size  of  .castings  that  can  be  made.  The 
size  of  armature  sheet  steel  may  effect  it  from  the  cost  side  in  various 
ways.  The  largest  armature  cannot  of  course  be  made  from  single 
punchings,  but  the  ring  must  be  built  up  of  segments,  which,  for 
mechanical  strength  and  magnetic  continuity  must  overlap  or  break 
joints.  To  save  waste  of  the  sheet  metal,  which  is  rather  ex- 
pensive, the  largest  segment  possible  must  be  punched.  This  de- 
termines the  number  of  segments  in  the  ring  of  a  gi\1en  sized 
armature,  which  ma}-  be  odd  or  even.  This  may  also  determine  the 
number  of  spider  arms,  and  if  this  number  is  odd,  it  will  not  be 
as  easy  to  pull  this  armature  off  from  the  engine  shaft,  should 
this  be  necessary,  on  account  of  trouble  in  getting  "drawing  off 
bolts"  to  pull  evenly.  The  number  of  segments  will  also,  within 
limits,  determine  the  number  of  slots,  for  the  segments  must  lap, 
the  slots  must  register  and  it  is  desirable  to  have  as  few  different 
kinds  of  segments  as  possible  to  build  up.  In  order  to  use  only 
one  kind  of  punching  the  break  must  come  symmetrically  with 
the  slot  and  so  the  number  of  slots  must  be  a  multiple  of  the  number 
of  segments  and  breaks.  The  above  requirements  mav  make  the 
dynamo  slightlv  poorer  as  to  efficiency  or  operation,  but  the  dif- 
ference is  so  slight  as  not  to  warrant  the  extra  expense  in  holding 
to  the  design  otherwise  calculated— the  buyer  could  not  afford 
to  pay  the  difference. 

The  very  high  price  of  copper  of  some  time  back  has  not  been 
an  unmitigated  evil  to  the  electrical  industry.  It  has  made  it 
necessary  to  save  every  possible  pound  of  copper,  and  from  this 
necessity  we  have  learned  to  ventilate  our  machines  more  effect- 
ively and  to  use  our  copper  to  better  advantage.  We  might  never 
have  learned  the  lesson  so  well,  had  copper  remained  cheaper.  This 
saving  in  copper  has  been  almost  always  at  the  loss  of  efficiency,  at 
least  at  full  load,  though  it  has  allowed  the  use  of  smaller  machines 
and  helped  in  that  way,  and  the  smaller  armatures  and  consequent 
smaller  core  losses  have  been  utilized  in  certain  cases  to  get  higher 
efficiencies  at  light  loads.  But  the  copper  losses  are  of  course 
greater  and  more  power  is  used  up  in  blowing  air  through  the 
machine.  In.  engine  type  generators  the  engine  is  compelled  to 
bear  this   latter   loss,   according  to  the   rules   now   in   general   use. 
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These  rather  sniaU  increases  in  losses,  however,  are  accompanied 
by  very  considerable  reductions  in  first  cost.  So  it  appears  that 
design  may  vary  with  the  copper  market.  For  connectors,  brush 
holders,  etc.,  iron  and  other  metals  have  been  used  in  place  of 
copper  and  composition.  In  one  case  recently,  where  little  brass 
tags  were  used  to  label  machine  terminals,  it  was  found  a  saving  to 
buy  new  stock  of  a  cheaper  material,  punch  and  stamp  new  tags 
and  scrap  all  the  stock  of  old  brass  tags  on  hand.  The  price  of  the 
scrap  brass  was  high  enough  to  pay  for  the  new  material  and 
extra  labor  and  leave  a  profit. 

Patents  owned  by  other  concerns  must  influence  designs,  the 
cost  of  royalties  being  ordinarily  prohibitive.  This  is  well  under- 
stood by  everyone,  but  is  a  point  not  often  considered  in  texts 
where  anv  form  may  be  chosen  for  illustration.  Generally  this  is 
a  detriment,  but  sometimes  leads  to  a  substitute  as  good  or  even 
better. 

The  designer  must  constantly  have  in  mind  an  almost  inter- 
minable list  of  little  points  of  this  kind.  Most  of  them  soon  be- 
come a  part  of  him  so  that  he  unconsciously  looks  out  for  them. 
The  consulting  engineer  and  the  engineer  engaged  in  drawing  up 
specifications  cannot  be  too  careful  in  calling  for  changes  in  design 
unless  they  are  sure  the  necessary  extra  expense  involved  is  war- 
ranted. 
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METHOD  OF  DRYING  TRANSFORMERS. 


L.  P.  Erode,  E.  E.,  'ii. 

When  transformers  are  shipped  by  freight  to  the  Pacific  Coast 
the  windings  absorb  a  large  amount  of  moisture.  This  article  is 
an  account  of  the  means  used  by  the  Los  Angeles  Pacific  Co.,  of 
Los  Angeles,  California,  to  dry  them: 

The  transforrriers  are  taken  to  the  compartment  which  they 
are  to  occupy,  and  uncrated.  If  necessary,  a  tarpaulin  is  hung  from 
the  ceiling  in  front  of  the  set  in  such  a  way  as  to  keep  out  cold, 
and  more  especially,  damp  air.  They  are  then  connected  to  the 
current. 
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The  diagram  shown  herewith  gives  the  general  scheme  of 
connections.  If  the  set  being  dried  is  in  a  station  in  operation, 
power  is  taken  from  the  2,200-volt  station  bus-bars.  In  one  case, 
where  a  steam  plant  was  to  be  replaced  by  a  motor-generator  set, 
2,200  volts  was  sent  from  the  main  generating  station,  six  or  seven 
miles  away,  over  the  wires  to  be  used  later  for  the  15,000- volt  trans- 
mission. In  another  case  a  station  was  being  installed  near  the 
end  of  a  line,  and,  although  the  trolley-wire  was  in  place  and  the 
cars  were  running,  the  transmission  line  and  direct-current  feeders 
had  not  been  completed.  As  the  synchronous  motor-generator  set 
had  been  installed,  direct  current  was  supplied  to  the  6oo-volt  side, 
and  2,200  volts  taken  off  the  synchronous  machine  acting  as  a 
generator.     Since  cars  were  running  on  the  line,  the  trolley  voltage 
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dropped  soniclinics  as  low  as  300,  and  the  speed  of  the  set  varied 
accordingly.  It  was  impossible  to  keep  the  voltage  on  the  trans- 
formers at'  2,200.  In  this  station  the  attendant  was  kept  quite  busy, 
but  in  the  others  all  there  was  to  do  was  to  take  readings,  get  the 
first  whiff  of  scorching  insulation,  and  change  the  resistance  as 
necessary. 

The  resistance  used  to  furnish  a  load  is  made  up  of  a  car- 
resistance  grids  connected  in  a  series-parallel,  enough  being  used 
to  absorb  from  15  to  300  aiuperes  at  about  105  volts.  Centigrade 
thermometers  are  inserted  as  far  as  possible  in  the  primary  and 
secondary  windings,  and  in  the  core  of  each  transformer,  and  care- 
fully packed  with  cotton  wMste.  These  are  read  every  thirty  min- 
utes. Readings  of  the  air  temperature,  and  of  the  current  in  the 
secondary  circuit,  are  also  taken.  A  rise  of  one  degree  an  hour 
is  allowed  at  first,  later  decreased  to  a  degree  every  three  hours. 
At  about  75  degrees  in  the  windings,  vapor  commences  to  pass  off, 
which  may  be  rather  alarming,  as  it  smells  of  insulation.  This 
continues  u])  to  about  85  degrees,  reappearing  occasionally  after 
that  according  to  the  humidity  of  the  air.  The  temperature  is 
held  for  several  days  between  97  and  99  degrees  in  the  hottest 
part,  by  alternately  opening  and  closing  the  secondary  circuit,  when 
the  transformers  are  placed  in  the  tanks  and  the  insulating  oil  is 
pumped  in.     The  whole  process  takes  from  ten  days  to  two  weeks. 

A  table  is  given  of  the  readings  taken  on  a  450-kilowatt  set  of 
Stanley  transformers,  installed  in  the  Ocean  Park  sub-station. 

Thanks  are  due  to  Mr.  C.  W.  Allen,  .Assistant  Electrical  En- 
gineer of  the  Eos  Angeles-Pacific  Co.,  for  information  kindly  fur- 
nished. 
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A   COMPARISON    OF   CARBON,    METALLIZED    CARBON 
AND    TANTALUM    FILAMENT    LAMPS. 


T.  H.  Amrine,  B.  S. 

At  the  present  time  there  are  only  three  types  of  incandescent 
lamps  having  a  wide  enough  commercial  use  to  make  them  im- 
portant factors  in  incandescent  lighting.  The  first,  and  by  far  the 
most  widely  used  is  the  familar  carbon  filament  lamp,  which  in 
ordinary  sizes  gives  an  efficiency  seldom  exceeding  3 .  i  watts  per 
candle  power  with  an  effective  life  of  approximately  500  hours. 
The  second  type  is  also  a  carbon  filament  lamp,  but  the  carbon,  by 
the  process  through  which  it  passes  in  manufacture,  is  given  some- 
what the  characteristics  of  a  metal  and  for  this  reason  is  called  the 
metallized  filament  lamp.  The  manufacturers  have  claimed  foj"  it 
an  efficiency  of  about  2 . 5  watts  per  mean  horizontal  candle  power. 
In  the  third  type  the  filament  is  made  of  the  metal  tantalum  and 
there  is  claimed  for  it  an  efficiency  of  about  2  watts  per  candle. 

This  paper  embodies  in  a  very  general  way  the  condensed  re- 
sults-of  a  series  of  comparative  tests  on  these  lamps  conducted  by 
the  writer  during  the  past  year  in  the  Electrical  Laboratory  for  the 
Engineering  Experiment  Station.  It  was  the  purpose  of  these 
tests  to  bring  out,  if  possible,  the  good  points  of  each  lamp  to- 
gether with  any  other  facts  in  regard  to  them,  that  would  help  in 
the  selection  of  the  proper  type  of  lamp  for  any  particular  purpose. 
Especial  care  was  taken  throughout  the  work  to  make  the  con- 
ditions under  which  the  tests  were  conducted  exactly  the  same  for 
each  type  of  lamp  in  order  to  have  a  fair  basis  of  comparison  be- 
tween types.  At  the  time  these  tests  were  started  tungsten  lamps 
could  not  be  purchased  on  the  market  and  for  this  reason  were  not 
included  in  the  tests.  In  the  matter  of  current  consumption,  life 
and  candle  power  maintenance  these  lamps  seem  much  superior  to 
the  three  kinds  tested.  They  have  an  efficiency  of  about  i  watt 
per  candle  power  and  a  life  of  a  1,000  hours  with  a  decrease  of 
only  10  per  cent  in  candle  power.  However,  they  are  open  to 
several  objections.  The  filament  is  very  fragile  so  that  they  re- 
quire careful  handling.  In  a  shipment  of  twelve  tungsten  lamps 
received  by  the  Department  of  Electrical  Engineering  some  time  ago 
five  filaments  were  broken  in  transit,  notwithstanding  very  careful 
packing.  Moreover,  the  tungsten  lamps  cannot  be  had  in  sizes 
less  than  40  candle  power  and  they  must  be  burned  in  approxi- 
mately a  pendant  position. 

The  lamps  chosen  for  the  test  were  selected  from  a  lot  of  100 
of  each  type  of  lamp.  These  were  bought  directly  from  the  manu- 
facturers, a  well  know  and  reliable  incandescent  lamp  company. 
The   carbon   lamp  was   of  the   ordinary,   single   loop   filament   type 
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and  was  rated  at  25  candle  power  at  1 10  \-olts  with  an  efficiency 
of  3 . 1  watts  per  candle.  The  metallized  lamp  had  a  double  fila- 
ment and  was  rated  at  50  watts  and  no  volts.  The  tantalum  lamp 
had  a  filament  mounted  in  the  usual  well-known,  zigzag  fashion 
upon  supporting  spires.  It  had  a  rating  of  22  candle  power  at 
1 10  volts.  Below  is  given  a  photograph  showing  the  three  types 
of  lamps. 


The  three  types  of  lamps  differ  radically  in  their  temperature 
characteristics.  The  carbon  filament  has  a  negative  temperature 
coefficient,  that  is,  its  resistance  decreases  as  the  temperature  in- 
creases. On  the  other  hand,  due  to  the  treatment  which  it  has 
undergone  in  manufacture,  the  metallized  carbon  filament  has  a 
positive  temperature  coefficient  similar  to  the  metals  when  in  the 
incandescent  stage.  When  cool,  however,  it,  too.  has  a  negative 
coefficient.  The  tantalum  filament,  being  of  metal,  lias  of  course  u 
positive  temperature  coefficient. 

As  a  result  of  the  positive  coefficients  of  the  metallized  and 
tantalum  filaments  these  lamps  flash  up  to  full  incandescence  much 
more  quickly  than  the  carbon  lamp.  When  the  current  is  turned  on, 
the  filament,  being  cold,  has  a  low  resistance  and  there  is  a  rush 
of  current  considerably  above  normal.  This  excessive  current  is 
rapidly  cut  down,  due  to  the  increase  in  resistance  as  the  lamp 
reaches  incandescence.    The  carbon  lamp,  having  the  greatest  resist- 
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ance  when  cold  allows  but  a  comparatively  small  current  to  pass 
at  first,  but  gradually  allows  it  to  increase  as  the  resistance  becomes 
less.  This  is  beautifully  shown  by  the  oscillograms  of  the  rise 
of  current  in  the  three  lamps  shown  in  Fig.  2.  With  the  carbon 
lamp  it  is  seen  that  the  current  rises  almost  instantly  to  about  .35 
ampere  and  then  rises  in  approximately  a  straight  line  to  the  full 
steady  value  of  current  in  about  .26  second.  With  the  metallized 
lamp  the  current  rises  at  once  to  about  .45  ampere,  almost  the  full 
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steady  current,  then  increases  to  a  maximium  value  of  .  55  ampere 
in  approximately  .05  second,  indicating  a  negative  temperature 
coefficient  at  the  lower  temperatures.  It  then  decreases  gradually 
to  the  normal  steady  value  in  about  .  16  second.  The  curvie  for 
the  tantalum  lamp  indicates  that  a  rush  of  current  takes  place  as 
soon  as  the  circuit  is  closed,  reaching  a  maximum  of  about  .93 
ampere,  almost  three  times  the  full  steady  current,  practically  in- 
stantaneously, and  then  drops  rapidly  to  normal.  This  rush  of 
current  in  the  tantalum  lamp  will  probably  require  that  some  pre- 
cautions be  observed  in  switching  feeders  heavily  loaded  with  tant- 
alum lamps  on  the  generator.  The  heavy  excess  current  at  the 
first  instant  might  easily  be  sufficient  to  damage  the  machine. 
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The  candle  powcr-voltaj^c  characteristic  curves  in  Fig.  3  also 
show  important  differences  in  the  three  types  of  filaments.  At  80 
volts  the  carbon  filament  starts  at  the  lowest  value  for  the  three 
lamps  and  rises  rapidly  until  at  normal  Voltage  and  above  it  has 
the  ^qreatest  candle-power.  The  tantalum  filament  takes  the  highest 
position  at  the  80  volt  point  and  increases  more  gradually  until  at 
normal  voltage  and  above,  it  has  the  lowest  candle  power.  The 
metallized  filament  curve  takes  an  intermediate  ]:)osition.     The  equa- 


tions for  these  curves  obtained  by  the  method  of  least  squares  from 
the  experimental  data  are: 
For  the  carbon  lamp 

C.  P.  =  143.5  X   lo-i-^  E5-»" 
lM)r  the  metallized  lamp 

C.  P.  =  50.7  X   TO-"  E^-^o 
For  the  tantalum  lamp 

C.  P.  =  166.4  X  io-^«  E^*5 
Below   is   shown  the  table  exhibiting  the  change  in  candle  power 
for  an  increase  of  5  per  cent  and  for  a  decrease  6i  5  per  cent  in 
voltage  from  the  normal. 
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TABLE  I. 

C.  P.  Increase  for  5% 
Lamp  Voltage  Increase 

Carbon 7.3  C.   P.  or  33.270 

Metallized 5.6  C.   P.  or  25.7% 

Tantalum 4.4  C.   P.  or  22.0% 


C.  P.  Decrease  for 
5%  Voltage  Decrease 
6.8  C.   P.  or  31.070 
5.8  C.   P.  or  27.670 
4.8  C.   P.  or  24.070 


The  change  in  efficiency  or  watts  per  candle  are  also  shown  in 
figure  3,  indicating  a  wide  difference  in  favor  of  the  tantalum  lamp 
throuijhout  the  ransre  of  voltage. 
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The  curves  showing  the  change  of  resistance  with  the  voltage, 
(Fig.  4)  indicate  that  the  tantalum  and  metallized  filaments  tend 
to  regulate  for  constant  current  when  in  the  incandescent  stage. 
In  these  filaments  the  resistance  rises  with  the  voltage.  Hence  on  a 
poorly  regulated  circuit,  when  there  is  an  increase  in  pressure,  the 
resistance  of  the  filament  becomes  greater  due  to  the  increase  in 
temperature.  This  prevents  such  a  great  rise  in  current  and  candle 
power.  With  the  carbon  lamp  the  change  in  resistance  is  such 
that  it  tends  to  aggravate  the  eflects  of  a  fluctuating  voltage.  When 
the  voltage  increases  there  is  a  decrease  in  resistance.  This  decrease 
in  resistance  adds  to  the  change  in  current  naturally  brought  about 
by  the  increase  in  pressure  and  the  result  is  a  very  rapid  change 
in  current  and  candle  power.  Por  a  decrease  in  voltage,  of  course, 
the  reverse  is  true  ;  a  drop  in  voltage  causing  a  rise  in  resistance. 
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the  change  in  both  oT  them  being  in  the  direction  to  decrease  the 
current  and  candle  power. 

Life  tests  were  made  of  the  three  kinds  of  lamps  under  two 
conditions.  Ten  lamps  of  each  kind  were  put  through  the  life  and 
efficiency  tests  upon  a  steady,  well-regulated  voltage  supplied  by 
a  storage  battery  floating  across  nearly  constant  potential  mains. 
The  maximum  variation  in  voltage  was  probably  not  more  than  one 
volt  and  during  the  greater  portion  of  the  time  the  voltage  was  as 
nearly  correct  as  the  portable  voltmeter  used  would  indicate.  This 
was  designated  'Condition  A"  and  represents  the  best  conditions 
under  which  the  lamps  would  ever  be  operated  in  practice.  The 
same  number  of  lamps  were  operated  under  adverse  conditions.  A 
badly  fluctuating  alternating  current  was  supplied  the  lamps  and 
there  was  considerable  vibration.  The  condition,  designated  "Con- 
dition B,"  is  representative  of  Very  bad  operating  conditions. 

As  a  summary  of  the  tests  the  results  from  the  three  types 
of  lamps  wall  be  compared  with  respect  to  the  following  eight  con- 
siderations which  determine  the  choice  of  an  incandescent  lamp. 

1 .  Efficiency. 

2.  Cost  of  operation. 

3.  Maintenance  of  C.  P.  ana  efficiency. 

4.  Life. 

5.  Quality  of  light. 

6.  Distribution  of  light. 

7.  Susceptibility  to  voltage  variations. 

8.  Ability  to  withstand  rough  usage. 

Efficiency.  I,n  the  matter  of  efficiency  alone  these  tests  as 
well  as  all  other  tests  which  have  been  made  with  these  lamps,  show 
conclusively  that  the  metallized  lamp  is  much  superior  to  the  carbon 
and  that  the  tantalum  is  much  superior  to  the  metallized.  The 
difference  between  3.1  watts  per  candle  and  2.0  watts  per  candle, 
about  28  per  cent,  is  sufficient  to  outweigh  almost  all  other  con- 
siderations. It  means  that  a  20  candle  power  metallized  or  a  22.5 
candle  power  tantalum  lamp  can  be  operated  with  the  same  amount 
of  energy  as  a  16  candle  carbon  lamp.  It  means  that  a  power  plant 
which  is  running  with  a  heavy  overload  of  carbon  lamps  would, 
if  the  carbon  lamps  were  exchanged  for  the  same  candle  power  of 
the  newer  lamps  be  operating  at  about  normal  load  with  the  con- 
sequent advantages.  In  the  same  way,  they  prov^ide  a  means  of 
lightening  overloaded  feeders  and  that  without  any  decrease  in  the 
candle  power  of  light  furnished. 

Cost  of  Operation.  The  curves  of  figures  5  and  6  show  that 
upon  well  regulated  circuits  each  type  has  a  field  of  its  own  within 
which  it  is  the  most  economical  to  use.  For  verv  low  costs  of  pow- 
er the  carbon  lamp  gives  the  best  economy.  Hence,  particularly  for 
persons  who  generate  their  own  current  it  would  pay  to  change 
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from  the  carbon  to  the  higher  efficiency  lamps,  because  in  this  case, 
either  the  cost  of  power  is  low  or  else  the  fuel  bill,  the  only  place 
where  there  would  be  a  saving  by  using  high  efficiency  lights,  is 
not  large  compared  with  other  expenses  such  as  attendance  charges, 
taxes  and  interest.  When  the  cost  of  energy  is  high  as  it  is  in 
most  cities  the  tantalum  lamp  would  be  the  best  to  use.  The  metal- 
lized lamp  seems  to  be  restricted  to  rather  narrow  limits  of  power 
cost  and  to  good  operating  conditions. 

The  newer  types  of  lamps  would  have  a  great  field  in  lighting 
railroad  trains  and  steam  ships,  where  the  cost  of  power  is  always 
high,  if  the  filaments  were  robust  enough  to  withstand  the  shocks 
and  vibrations  that  are  usually  present.  It  seems  that  it  might  be 
possible  and  advisable  for  manufacturers  to  develop  series  tantalum 
and  metallized  lamps  for  this  service.  The  filaments  that  would 
be  used  in  a  series  lamp  would,  no  doubt,  be  strong  enough  to  with- 
stand the  vibrations  and  their  economy  of  current  consumption 
would  make  them  much  preferable  to  the  carbon  lamp. 

Mainte^nance  of  Candle  Power  and  Efficiency.  In  re- 
gard to  maintaining  candle  power  and  efficiency  the  newer  lamps 
make  by  far  the  best  showing,  the  two  being  almost  equal  in  this 
respect.  The  metallized  and  tantalum  lamps  have  a  drop  of,  re- 
spectively, 20  and  19  per  cent  in  candle  power  in  1,000  hours  under 
condition  A,  while  the  carbon  lamp  drops  ^2  per  cent  in  the  same 
time  and  under  the  same  conditions.  The  change  in  efficiency  for 
the  three  lamps  is  in  about  the  same  proportion. 

Life.  Comparing  the  lamps  upon  the  basis  of  average  life 
to  80  per  cent  of  the  original  candle  power,  which  is  standard  for 
the  carbon  lamp,  the  following  results  are  obtained : 

TABLE   II. 

life  in  hours  to  8o%  of  original  c.p. 
Condition  carbon  metallized         tantalum 

A  400  780  820 

.B  225  350  350 

This  method  of  comparison  is.  if  anything,  unfair  to  the  higher 
efficiency  lamps,  because,  owing  to  their  higher  first  cost  the  "smash- 
ing point"  should  be  after  the  lamps  have  reached  a  candle  power 
considerably  less  than  80  per  cent  of  the  original.  It  serves,  how- 
ever, to  show  the  superiority  of  the  newer  lamps  in  this  respect. 

Quality  of  Light.  The  quality  of  the  light  from  the  metal- 
lized and  tantalum  lamps  is  much  the  same,  both  having  a  light  con- 
siderably whiter,  softer  and  more  pleasing  to  the  eyes  than  the 
carbon  lamp.  Giving  a  whiter  light,  the  newer  lamps  show  more 
nearly  the  true  values  of  colors  than  the  carbon  lamp  and  hence  are 
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superior  for  liglitiijg  dry  goods  and  clothing  stores,  art  and  picture 
galleries  and  other  places  in  which  colors  must  be  judged. 

The  intrinsic  brilliancy  of  the  three  sorts  of  filaments  are 
approximately 

Carbon  140  C.  P.  per  sq.  in.  of  filament  area. 
Tantalum  165  C.  P.  per  sq.  in.  of  filament  area. 
Metallized  190  C.  P.  per  sq.  in.  of  filament  area. 

On  account  of  the  great  intrinsic  brightness  of  the  newer  types 
of  filaments  and  particularly  of  the  metallized  it  is  not  advisable 
to  use  these  lamps  for  interior  lighting,  when  they  are  placed  low 
enough  so  as  to  be  in' the  line  of  vision,  unless  they  are  provided 
with  ground  glass  or  opal  globes. 

Distribution  of  Light.  The  distribution  of  the  carbon  and 
metallized  lamps  are  so  nearly  identical  as  to  admit  of  little  choice 
between  them  in  this  particular.  The  tantalum  lamp  differs  from 
these  in  having  a  low  tip  candle  power,  which  is  a  point  in  its 
favor  when  used  with  reflectors.  For  use  with  reflecting  globes 
the  most  efficient  lamp  for  any  given  watt  per  candle  consumption 
would  be  one  with  a  long  straight  filament  mounted  vertically.  This 
sort  of  an  arrangement  gives  the  condition  where  the  minimum 
proportion  of  light  is  radiated  downward  and  upward,  but  gives  a 
distribution  which  can  be  easily  changed  to  suit  the  requirements 
by  means  of  reflectors,  and  is  such  that  the  minimum  light  is  lost 
in  the  base.  Getting  a  downward  distribution  by  placing  the  greater 
portion  of  the  filament  horizontal  as  has  been  done  in  many  of  the 
"downward  light"  lamps  on  the  market  is  an  efBcient  method.  It 
is  true  that  these  lamps  throw  the  maximum  of  their  intensity  fur- 
ther from  the  horizontal  than  an  ordinary  lamp,  but  in  so  doing 
just  as  much  light  is  thrown  upward  where  it  is  mostlv  lost  in  the 
base  and  on  the  ceiling  by  absorption  and  improper  reflection.  To 
get  light  where  it  is  needed,  and  to  do  so  most  efficientlv.  is  accom- 
plished by  mounting  the  filament  so  that  as  nearly  as  possible  the 
entire  length  of  it  is  parallel  to  the  axis  of  the  lamp  and  then  using 
good  reflectors.  The  tantalum  lamp  meets  very  well  this  require- 
ment as  shown  by  the  low^  candle  power  at  angles  even  up  to  30° 
from  the  tip.  Since  the  filament  is  symmetrical  there  must  also  be 
a  radiation  of  low  intensity  toward  the  base  of  the  lamp.  Now  near 
the  base  all  light  that  has  its  course  changed  downward  by  reflectors 
must  strike  the  reflector  at  a  large  angle  which,  of  course,  is  a 
condition  that  favors  absorption  losses.  On  account  of  the  lower 
radiation  of  the  tantalum  lamp  in  these  unfavorable  directions  it  is 
superior  to  the  other  two  lamps  if  reflectors  are  used.  When  the 
lamps  are  used  bare  the  carbon  and  metallized  lamps  give  a  greater 
candle  power  downward  where  it  is  generally  needed  than  does  the 
tantalum  lamp. 
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Susceptibility  to  Voltage  Variation.  Table  2  gives  a  com- 
parison of  the  way  these  lamps  act  in  regard  to  the  very  important 
point  of  susceptibility  to  voltage  variation.  For  use  upon  poorly 
regulated  feeders  or  at. the  end  of  long  feeders  that  are  sometimes 
heavilv  loaded,  the  metallized  and  tantalum  lamps  will  make- a  much 
more  uniform  and  pleasing  light  than  the  sensitive  carbon  lamp. 

Ability  to  Withstand  Rough  Usage.  It  is  in  this  particular 
that  the  carbon  lamp  stands  supreme.  Long  experience  in  making 
them  has  enabled  the  manufacturers  to  make  a  carbon  filament 
that  will  withstand  almost  any  reasonable  usage.  The  filament,  of 
the  former  are  so  fine  that  jars  such  as  would  be  caused  by  screwing 
the  lamp  into  or  out  of  the  socket  sometimes  makes  the  two  halves 
of  the  filament  cross  each  other  near  the  top.  This  short  circuits 
about  one-third  of  the  filament,  and  if  the  current  is  turned  on  the 
lam,p  burns  at  a  very  high  candle  power.  This,  of  course,  greatly 
reduces  the  life  of  the  lamp  if  the  filaments  are  not  separated.  They 
may  be  shaken  apart  by  tapping  the  lamp,  but  usually  not  before 
the  filament  has  been  materially  weakened. 

Conclusion.  From  the  study  of  these  lamps  it  appears  that 
the  carbon  filament  and  the  tantalum  filament  can  cover  adequately 
all  the  phases  of  incandescent  lighting  that  are  now  covered  by  the 
three  types.  For  lower  power  costs,  for  rough  and  unusual  uses, 
and  for  small  candle  power  units  the  carbon  lamp  is  the  best  and 
often  the  only  one  that  can  be  used.  For  higher  costs  of  power 
upon  poorly  regulated  circuits  and  for  lightening  the  load  upon 
overloaded  stations  the  tantalum  lamp  is  the  best.  It  is  not  recom- 
mended by  the  manufacturers  for  use  upon  alternating  current  cir- 
cuits yet  the  results  obtained  show  that  although  it  does  not  do  so 
well  upon  alternating  current  as  it  does  upon  direct,  it  still  gives 
better  economy  for  the  higher  costs  of  power  than  the  carbon  lamp. 
The  principle  fault  of  the  metallized  lamp  is  that  of  mechanical 
weakness,  which  probably  does  not  exist  in  the  larger  sizes  where 
a  heavier  filament  is  used,  so  that  for  units  of  40  or  50  candle 
power  and  above,  this  type  of  lamp  might  be  verv  satisfactory  in 
this  respect. 
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DECORATIVE    LIGHTING. 


H.  E.  Pagr,  E.  E.,  'o8. 

It  is  hard  to  say  when  the  incandescent  Ught  was  first  used  as 
a  decorative  feature,  but  it  first  came  into  prominence  at  the  Chicago 
World's  Fair  and  reached  its  zenith  at  the  World's  Fair  at  St.  Louis. 
Avhere  the  beauty  and  artistic  display  of  the  electrical  decorations 
surpassed  anything  ever  seen.  One  could  almost  imagine  himself 
in  Fairyland  as  he  sat  in  a  launch  in  the  ]\Iain  Basin  and  watched 
the  alternating  red,  white  and  blue  lights  on  the  buildmgs,  and  the 
concealed  lights  under  the  Cascades. 

Thousands  of  dollars  were  spent  on  the  electrical  decorations, 
and  it  was  money  well  spent,  for  without  it  the  grounds  at  night 
would  have  lost  half  the  fascination  that  attracted  thousands  of 
people  from  all  over  the  United  States.  A  radical  change  was  made 
in  the  placing  of  the  thousands  of  incandescent  lamps  used  for  deco- 
rative purposes.  At  Chicago  the  lights  were  placed  on  the  Various 
buildings  so  as  to  outlme  the  entire  structures  and  bring  them  into 
prominence,  but  at  St.  Louis,  the  lights  were  concealed,  and  merelv 
the  reflection  of  the  light  was  showm,  bringing  the  beauty  of  the 
architecture  into  prominence  as  well  as  the  outline  of  the  buildings. 

Decorative  lighting  with  the  incandescent  lamp  has  become  a 
permanent  thing,  is  used  everywhere  in  public  and  private  build- 
ings, and  even  in  the  home,  and  is  really  a  profession  in  itself. 
Many  large  architectural  firms  having  specialists  in  that  line  con- 
stantly employed.  Decorative  lighting  in  the  home  can  be  used 
with  excellent  effect,  doing  away  with  the  ugly  chandelier  hanging 
in  the  middle  of  the  room,  and  an  artistic  cluster  in  the  ceiling  used 
in  its  place  ;  using  table  lights  with  floor  plugs  and  convenient  wall 
lights. 

In  public  buildings  the  lights  are  generally  placed  with  an  eye 
for  decorative  effect  as  well  as  for  general  lighting.  The  beauty  of  a 
large  building  with  a  dome  or  arches  is  enhanced  50^  bv  the  artistic 
placing  of  the  incandescent  lamp,  and  when  the  current  is  turned  on 
the  lights  on  the  dome  of  our  own  Auditorium  it  will  improve  the 
external  appearance  at  night  greatly. 

Although  it  is  doubtful  whether  electrical  sign  illumination 
would  be  classed  as  a  decorative  lighting,  it  is  worthy  of  a  passing 
remark.  Perhaps  in  no  other  cities  in  the  world  arc  the  incan- 
descent lamps  used  for  sign  illumination  as  extensivelv  as  in  Chicago 
and  New  York  City.  Go  to  the  top  of  the  ^Masonic  Temple  in 
Chicago  and  see  the  enormous  amount  of  monev  spent  along  this 
line :  looking  one  way  you  will  see  a  sign,  ingenious  in  its  construc- 
tion, calling  attention  to  a  certain  brand  of  clothes  or  shoes,  another 
to  some  liquid  refreshment  that  made  "Milwaukee  famous  :  and  in 
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New  York  City  at  night  from  Central  Park  to  the  Battery,  Broad- 
way is  a  glare  of  electrical  decorations,  that  has  earned  for  it,  the 
sobriquet,  "The  Great  White  Way." 

The  up  to  date  merchant  uses  the  incandescent  lamp  in  his 
store  and  in  his  show  windows,  many  attractive  decorations  being 
used  to  call  attention  to  goods  displayed,  and  even  the  church  Christ- 
mas tree  has  placed  in  its  branches  tiny  incandescent  lamps,  instead 
of  the  time  honored  wax  candles  that  caused  so  many  fires.  Mar- 
shall Field  of  Chicago,  during  their  fall  opening  spent  $9,000  on 
their  electrical  as  well  as  their  general  decorations,  and  it  even 
made  the  Chicago  public  open  its  eyes  and  admire  it,  much  as  they 
see  of  this  sort  of  thing. 

During  the  last  few  years  most  of  our  formal  balls  at  the  Armory 
have  been  made  more  attractive  by  the  use  of  decorative  lighting 
and  special  effects,  and  although,  from  the  interior  construction  of 
the  building  it  is  hard  to  get  good  results,  some  very  pretty  effects 
are  had. 

It  appears  that  the  decorative  idea  in  Ughting  can  be  used  to 
good  advantage  on  our  public  street  lighting  systems  where  the 
beauty  of  our  paved  streets  would  be  greatly  improved  by  artistic 
street  lights  and  poles  in  place  of  the  ugly  affairs  that  now  grace 
our  principal  thoroughfares. 

In  many  ways  decorative  lighting  can  be  used  to,  improve  the_ 
appearance  of  almost  any  building  and  combine  the  practical  with 
the  beautiful.  If  the  new  tantalum  lamp  proves  a  commercial  suc- 
cess the  economy  of  its  use  will  make  the  incandescent  lamp  more 
popular  than  ever. 
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ELECTRICITY   EX  THE  MODERN  THEATER. 


J.   M.   Baticman,  E.   E.,   'o8. 

It  does  not  take  a  great  stretch  of  memory  to  carry  us  back 
to  the  early  days  of  modern  stage  and  theatrical  lighting,  back  to 
the  tinaes  when  the  gas-footlights  with  their  flickering  glimmer 
and  ghastly  shadow  made  the  liyest-tinted  grease  paints  seem  "dead." 
and  gave  the  heavy  man's  act  an  impressiveness  not  always  in  the 
lines;  when  the  gas  "borders,"  wire  guarded  though  they  were, 
gave  the  stage  manager  chills  and  fever  every  time  the  draft  blew 
a  hanging  drapery  against  them, — there  were  no  underwTiter's  rules 
in  those  days ;  and  we  can  remember  too,  after  a  dark  scene  or 
change,  when  the  house  operator  had  cut  out  his  main  valves  and 
was  depending  upon  the  by-passes  to  keep  the  jets  barely  alight,  how 
a  sudden  breath  of  air  through  the  house  would  extinguish  every- 
thing, and  the  candle-boy.  with  his  long  lighter,  woidd  "put  on"  a 
specialty  not  included  in  the  regular  program. 

r>ut  all  this  has  changed  with  the  advent  of  the  electric  light. 
The  smoky,  wavering,  uncertain  jets  with  their  guards,  the  long 
pipe  runs  and  the  leaky  hose  connections  that  every  grip  and  stage 
liand  seemed  in  duty  bound  to  collide  with  and  loosen,  the  house- 
man's closet,  filled  with  massive  valves  and  cut-oiTs.  tees,  cross- 
connections  and  by-passes  ;  even  the  long  handled  lighters  were  long 
since  consigned  to  the  scrap  heap,  and  electricity  now  reigns  supreme 
in  the  land  of  stagedom. 

The  uses  that  the  electric  current  can  be  put  to  in  the  staging 
of  the  modern  theatrical  production  or  the  equipment  of  the  twentieth 
century  play-house  are  many  and  varied.  The  supplying  of  the 
energy  for  the  telephone  systems  coiinecting  the  several  parts  of 
the  house,  the  lighting,  inside  and  out.  back  stage  and  in  front,  by 
thousands  of  incandescents.  the  producing  of  the  hundred  and  more 
effects  made  possible  by  the  cunning  of  the  master-man  and  the 
versatility  of  the  servant,  the  manipulation  of  the  great  five-ton 
steel  curtains  by  a  touch  .of  the  hand — all  this  is  but  child's  plav 
in  this  electrical  age. 

The  theater  as. is  generally  known  is  divided  into  two  sections, 
the  stage. which  includes  all  that  portion  to  the  rear  of  the  proscenium 
wall  or  the  foot-light- line,  and  the  '''house,"  comprising  the  audi- 
torium, foyer,  lounging  rooms,  offices  and  lobby,  and  e^ch  section 
has  a  system  of  lighting  peculiar  to  itself,  the  whole  however  being 
subdivided  again  into  three  classes  of  illumination — incandescent, 
arc.  and  emergency  lighting.  The  regular  lighting  of  the  "house" 
jiresents  a  simple  problem  for  the  illuminating  engineer  or  archi- 
tect, the  placing  of  the  lamps  and  their  most  satisfactory  distribution 
being  largely  a  matter  of  choice  and  artistic  taste.     The  emererencv 
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lig-hting  on  the  other  hand  is  controlled  by  rules  formulated  by  the 
municipal  council  or  the  local  board  of  underwriters  and  these  rules 
must  be  obeyed  to  the  letter.  One  eight  candle  power  lamp  is  re- 
quired for  every  forty  square  feet  of  floor  space,  each  and  every 
exit  must  be  marked  by  a  red  light  and  all  emergency  and  exit 
circuits  are  wired  separate  and  distinct  from  other  Ughting  and 
power  lines,  as  well  as  having  an  entirely  separate  source  of  supply 
or  service  from  the  ordinary  mains.  It  may  be  remarked  in  passing 
that  it  is  customary  to  provide  a  sperm  lamp  or  gas  jet  to  indicate 
the  exits  as  a  supplement  to  the  electrics. 

Since  the  Iroquois  disaster  in  Chicago,  municipal,  councils,  fire 
underwriters,  and  architects  generally  have  made  a  careful  study  of 
the  theatrical  problem  wath  the  result  that  conduit  or  iron  pipe 
has  been  almost  universally  adopted  all  over  the  country,  as  the 
safest  and  best  means  of  wire  protection,  and  all  lines ;  lighting 
nower,  telephone,  and  bell  circuits  are  now  placed  in  this  metal 
tubing.  The  main  distributing  point  for  all  circuits  is  the  stage 
switchboard  which  is  always  set  in  what  is  known  in  stage  parlance 
as  the  "first  entrance."  on  the  right  of  the  proscenium  opening. 
Switchboards  mav  be  floor-boards,  which  are  those  manipulated 
by  the  operator  standing  on  the  stage  floor,  or  gallery  boards,  set 
ten  to  twelve  feet  above  the  floor  and  worked  from  a  narrow  plat- 
form or  gallery,  the  particular  style  or  type  depending  upon  the 
personal  preference  of  the  builder.  The  main  board  is  usually  made 
up  of  several  panels,  more  or  less  elaborately  mounted,  one  for  the 
house  circuits,  another  for  the  stage  and  sometimes  a  third  fitted 
up  with  extra  switches,  fire  alarm  pulls,  curtain  calls,  and  the  like. 
In  general  the  plan  of  electrical  distribution  is  comparatively  simple. 
Direct  current,  where  ever  available,  is  always  used  for  theatrical 
work,  inasmuch  as  it  causes  no  objectionable  humming  in  iron-core 
coil-wound  apparatus,  as  does  the  alternating  current,  and  it  has 
also  been  found  to  give  better  service  in  the  operation  of  arc  "spots" 
and  "calcium"  lamps  in  scenic  effects.  A  three  wire  service  of  ample 
circular  millage,  in  the  larger  houses  a  1,500  ampere  load  per  side 
not  being  uncommon,  is  brought  either  from  the  private  plant  of 
the  theater  or  from  the  supply  company's  main  entering  the  building 
in  the  basement,  into  a  main  line  triple-pole,  quick-break  switch 
located  usually  on  the  house  panel.  This  controls  every  circuit  in 
the  theater  except  the  emergency  and  exit  lights,  and  is  only  used 
in  case  of  accident  or  extreme  necessity.  The  service  bus  divides 
and  feeds  three  smaller  triple-pole  switches,  controlling  respectively 
all  house  circuits,  all  stage  circuits,  and  all  stage  "pocket"  or  plug 
circuits.  The  house-bus  is  the  distributing  center  for  the  house 
lights,  and  through  various  double-pole  switches  diflferent  portions 
of  the  auditorium,  foyer,  lobby,  and  green  rooms  are  controlled. 

The  stage  panel  is  somewhat  more  complicated  in  its  make-up 
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than  that  of  the  house,  and  is  designed  for  heavier  loads,  as  weh 
as  for  harder  and  more  various  service.  Stage  lighting  as  a 
whole  is  accomplished  by  a  number  of  methods  and  means.  Of 
these  the  more  important  are  the  "foots,"  "borders,"  "bunches," 
"strips,"  proscenium  lights,  and  auxiliary  or  "dark  change"  lamps. 
The  "foots"  or  footlights  are  made  up  of  several  rows  of  incan- 
descent lamps,  tipped  at  a  slight  angle,  and  arranged  within  a 
trough  reflector,  cut  below  the  floor  of  the  stage,  or  apron,  at  such 
a  depth  as  to  allow  the  hood  of  the  trough  to  show  but  slightly 
above  the  level  and  refract  the  greater  portion  of  the  light  toward 
the  stage  at  an  angle  of  about  thirty  degrees.  Three  separate  color 
circuits  are  used,  white,  blue,  and  red  or  amber,  being  the  usual 
variations,  and  each  circuit  is  carried  back  to  the  switchboard. 
The  border  lights,  so  named  from  their  hanging  position  among 
the  scenic  borders  or  draperies,  are  built  up  of  light  sheet-iron 
troughs,  extending  the  width  of  the  stage  exclusive  of  the  wings, 
and  sus])ended  inverted  by  a  set  of  lines  from  the  gridiron  above. 
The  lamps  are  arranged  as  in  the  case  of  the  "foots."  the  three- 
color  scheme  being  followed  throughout,  with  the  whites  predomi- 
nating. Connections  to  the  borders,  which  are  necessarily  lowered 
or  raised  as  the  scene  may  require,  are  made  by  heavy  flexible 
hen'>i)-])rotected  cables,  looping  directly  from  the  gridiron  along 
the  center  line  carrying  the  torder,  these  cables  in  turn  being  con- 
nected to  the  leads  from  the  switchboard. 

The  "foots"  and  "borders"  form  the  essential  elements  in  stage 
lighting,  the  other  features  being  but  auxiliary.  The  proscenium 
lights  are  those  arranged  in  vertical  rows  on  either  side  of  the  pros- 
cenium arch,  just  within  the  curtain  line,  and  are  used  to  supplement 
the  "foots."  The  "dark  change"  circuit  is  one  but  rarely  found  ".n 
even  the  most  up-to-date  theatres,  yet  it  is  a  valuable  adjunct  to 
any  equipment.  Around  the  outside  of  the  proscenium  arch,  facing 
the  auditorium,  and  niched-in,  flush  with  the  face  of  the  wall,  is 
set  a  row  of  high-candle-power  incandescents.  backed  by  powerful 
reflectors  in  such  a  way  as  to  present  a  dazzling  light  to  the  audi- 
ence. With  this  circuit  cut-in,  the  stage  itself  is  practically  invis- 
ible from  the  house,  and  a  dark  change  without  dropping  the  cur- 
tain may  readily  be  eflFected. 

"Strips"  and  "bunches"  are  portable  methods  of  illumination, 
and  as  such  are  adaptable  to  all  circumstances  and  settings.  The 
former  consists  of  a  wooden  batten,  ranging  in  length  as  necessity 
may  require  from  three  to  fifteen  feet,  and  carrying  lamp  receptacles 
screwed  to  it  at  regular  intervals  of  about  eighteen  inches.  The 
wires  are  cleated  or  otherwise  held  in  place  upon  the  batten,  and 
the  whole  is  protected  by  a  sheet  metal  or  tin  casing,  which  is  per- 
forated to  allow  the  base  of  the  lamps  to  project  into  the  receptacles. 
A  heavy  insulated  flexible  cable,  permanently  fastened  at  one  end 
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of  the  strip,  carries  a  connecting  plug  at  its  other  extremity,  and 
in  this  way  may  be  plugged-in  either  at  one  of  the  stage  floor  pockets, 
or  to  a  plugging  box  temporarily  connected  to  the  switchboard. 

The  "bunch"  Hght  consists  of  an  upright  standard,  built  of  a 
solid  substantial  base,  a  length  of  -1^"  pipe  about  five  feet  long  and 
a  hood  reflector  with  a  bunch  or  cluster  of  incandescent  lamps  ar- 
ranged about  its  arc  in  such  a  way  as  to  project  the  light  in  any 
desired  direction.  The  combination  is  particularly  adapted  for  set- 
ting in  the  wings  to  illuminate  dark  entrances  and  scene  backings 
where  the  borders  are  insufficient.  Its  method  of  connection  to 
the  circuit  is  by  cable  and  plug  to  the  floor  pockets.  These  pocKets 
are  openings  about  6  by  9  by  12  inches  cut  in  the  floor  at  regular 
intervals  up  and  down  the  stage  just  within  the  wings  or  outside 
the  actual  working  portion  of  the  floor.  They  are  covered  by  steel- 
hinged  lids  and  fitted  up  with  several  plugging  receptacles  to 
which  connection  is  made  to  the  various  portable  devices  used  during 
any  performance.  Floor  pocket  receptacles  are  of  two  types  or 
rather  are  used  for  two  purposes,  incandescent  work  as  has  already 
been  described  under  the  heading  of  "bunches,"  "strips."  etc.,  and 
"arc"  effects. 

Although  incandescent  lamps  are  suitable  for  ordinary  illumina- 
tion where  a  great  glare  of  light  is  not  desired,  there  are  numerous 
scenes  and  acts  where  striking  contrasts  and  strong  lighting  is 
essential  and  the  arc  is  here  used  to  excellent  advantage.  Two  types 
of  arcs  are  used — the  open  box  or  "calcium,"  and  the  "spot,"  each 
having  its  own  field  of  utility.  Both  are  built  upon  the  same  prin- 
ciple, in  that  the  carbon  arc  is  used  for  the  source  of  illumination, 
the  difference  being  that  the  "spot"  is  entirely  hooded,  a  lens  trans- 
mitting the  light,  and,  as  its  name  implies,  concentrating  it  upon 
a  comparatively  small  spot  or  area,  while  the  calcium  is  a  rectangular 
box,  open  on  one  side,  its  white  enameled  interior  refracting  the 
light  over  a  large  surface.  All  stage  arcs  are  hand  fed,  no  automatic 
carbon  feeding  devices  being  employed,  and  both  types  are  mounted 
upon  pipe  standards,  the  series  resistance  being  wound  upon  the 
bases  and  enclosed  type  knife  switch  device  placed  upon  the  upright 
beneath  the  lamp  itself.  All  lamp  connecting-leads  are  asbestos 
insulated  to  protect  them  from  the  heat  of  the  arc  and  the  resistance. 
The  carbons  and  feeding  mechanism  are  entirely  enclosed  by  a 
sheet  metal  case  provided  with  a  red-glazed  door,  allowing  access 
to  the  interior,  the  feed  being  actuated  by  a  knob  projecting  from 
the  rear  of  the  box.  The  ordinary  calcium  or  spot  light  requires 
from  fifteen  to  eighteen  amperes  and  working  at  no  volts  draws 
an  arc  varying  from  one-fourth  to  nine-sixteenths  inches  in  length. 
The  color  schemes  in  the  case  of  the  "box"  are  worked  by  means 
of  gelatine  color  frames,  slipped  into  run-ways  at  the  front  of  the 
lamp,  while  the  "spot"  is  usually  fitted  with  a  "boomerang."  con- 
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sisting  of  a  light  tin  disc  about  twenty  inches  in  diameter,  cut  with 
a  number  of  six-inch  openings,  in  which  are  placed  the  different 
irelatine  colors.  The  whole  is  pivoted  above  the  lens  of  the  lamp, 
and  is  rotated  vertically  and  parallel  to  it.  It  may  be  stopped  at 
any  point,  thus  giving  any  color  effect  desired. 

The  arcs  are  supplied  with  cables  and  plugged  into  the  floor 
pockets,  as  are  the  incandescents,  separate  receptacles,  however, 
laeing  used,  as  the  former  circuits  must  be  fused  considerably 
higher  than  the  latter. 

To  return  to  the  switchboard:  It  wall  be  apparent  that  the 
stage  panel  must  be  equipped  so  that  any  combination  of  lights 
of  any  desired  brilliancy  may  be  secured.  One  of  the  most  important 
devices  in  this  connection  is  the  "dimmer,"  which  although  simple 
in  its  action  is  most  effective,  being  capable  of  varying  the  candle- 
power  of  any  circuit,  from  full  brightness  to  mere  redness.  It 
consists  essentially  of  a  variable  resistance,  mounted,  usually,  back 
of  the  switchboard  and  actuated  by  handles  on  its  face.  Each 
main  circuits  of  the  "foots,"  "borders,"  "bunch"  pockets  and  pros- 
cenium lights  is  cut  in  through  a  single  dimmer,  and  the  handles 
are  so  arranged  on  the  board  that  each  may  be  manipulated  sepa- 
rately, or  any  number  may  be  worked  in  multiple.  To  secure  the 
flexibility  of  control,  which  is  essential  in  the  high  class  theatrical 
productions,  the  stage  panel  must  be  carefully  designed  with  ref- 
erence to  speed  and  adaptability  of  manipulation.  The  position  of 
the  switches  must  be  such  that  the  electrician  can  not  only  obtain 
a  wide  range  of  results,  but  also  "play"  his  board  readily  in  the 
dark,  and  under  all  circumstances.  The  stage  main  switch,  con- 
nected directly  from  the  service  bus  bars,  feeds  into  the  stage  bus, 
and  thence  to  the  numerous  circuits,  the  various  smaller  switches 
being  placed  conveniently  near  the  center  of  the  panel,  as  their 
use  necessitates.  The  "borders,"  of  which  there  are  from  four  to 
six,  with  three  color  circuits  in  each,  are  collectively  fed  from  the 
stage  bus,  through  a  double  throw  main,  each  circuit  then  being 
controlled  by  its  own  single  throw  switch.  The  double  throw 
feature  is  used  in  all  of  the  stage  main-swatches,  one  side  being 
connected  to  the  stage  bus,  while  the  other  is  cut-in  directly  on 
the  service  bus.  In  this  way  it  is  possible  to  secure  selective  con- 
trol of  anv  portion  of  the  "foots."  "borders."  or  pockets.  For  in- 
stance, a  light  plot  may  read:  "At  cue,  pull  all  lights  but  red  spot 
in  third  entrance."  The  electrician  or  switchboard  operator  in 
getting  ready  for  the  change  reverses  the  double  throw  switches 
across  to  the  stage  bus  side,  except  the  pocket  in  the  third  entrance, 
which  is  left  "cut  in  straight"  to  the  service  bus.  Then  at  the  cue 
given  by  the  show  manager,  he  pulls  the  stage  main  and  every- 
thing is  darkened  except  the  single  "spot,"  which  -is  left  burning. 
The   "foots"  are  also  connected  through  the  main  switch  so  that 


Bateman — Theatrical    Wiring.  83 

they  may  be  thrown  together  or  separately,  or  may  be  raised  and 
lowered  on  the  dimmers. 

All  circuits  are  protected,  usually  by  cartridge-type  fuses  on 
face  of  "the  board,  although  fuse  links  in  enclosed  cabinets  above 
or  below  the  panels  are  allowable,  and  are  used  in  many  instances. 

The  purposes  for  which  the  electrical  power  may  be  used  in 
a  theatre  are  many.  The  massive  steel  curtain  is  automatically 
operated  by  a  specially  controlled  motor  or  pair  of  motors  in  such 
a  way  that  it  is  raised  and  lowered  without  a  jar  or  a  tremor.  In 
those  houses  employing  the  hydraulic  lift  the  water  pressure  is 
maintained  by  motor  connected  pumps,  and  in  the  same  way  the 
sewage  pumps  in  buildings  whose  basements  are  below  the  street 
intake  level,  the  scenery  elevators  and  hoists,  the  ventilating  fans, 
are  motor-driven.  Even  the  great  emergency  vents  in  the  theatre 
roof,  a  hundred  feet  above  the  stage,  are  dependent  upon  the  current 
for  their  action  through  the  agency  of  powerful  electro-magnets, 
which  release  the  fastenings  and  allow  the  glazed  panels  to  open. 
Intercommunicating  telephones  from  the  box  office  to  all-  parts  of 
the  theatre ;  electric  heaters,  electric  cooling  fans  throughout  the 
auditorium,  electric  curling  irons  in  the  dressing  rooms,  electric 
messenger  service,  electric  fire  calls,  everywhere  efficient,  reliable, 
constant,  electricity  is  used  to  advantage. 

The  effects  produced  by  electricity  are  varied,  and  thunder 
storms  as  realistic  as  a  genuine  elemental  outburst  are  too  common 
a  specialty  to  cause  comment  to  present-day  theatre  audiences.  The 
lightning,  which  may  be  of  the  sheet  or  the  "zig-zag"  variety,  is 
produced  by  means  of  a  niake-and-break  contact  between  a  heavy 
carbon  and  a  coarse  rasp  or  file.  An  iron  resistance  box  is  con- 
nected in  series  with  a  cable,  tapped  in  at  the  floor  pockets,  the  two 
terminals  of  the  circuit  being  soldered  to  a  carbon  holder  and  the 
file,  both  of  which  are  fitted  with  insulating  handles.  The  operator 
strikes  the  two  together  at  intervals,  and  the  result  is  a  blinding 
flash  of  lightning.  The  "forked"  effect  is  accomplished  by  means 
of  zig-zag  openings  in  dark  backings  or  cloud  "drops,"  which  when 
illuminated  from  the  rear  give  a  striking  resemblance  to  an  actual 
discharge  of  atmospheric  electricity.  Thunder,  although  not  an 
electrical  product,  is  ordinarily  made  by  the  electrician's  assistant. 
It  is  done  by  violently  shaking  the  so-called  "thunder-sheet,"  which 
is  a  large  section  of  sheet  metal,  usually  iron  or  tin,  suspended  from 
the  rigging  loft.  More  conveniently,  however,  if  the  operator  is 
experienced,  it  may  be  produced  by  beating  a  bass  drum.  The  old 
method,  now  but  seldom  used,  is  that  of  rolling  heavy  iron  balls 
across  the  flv  floor,  or  running  them  down  troughs  or  chutes.  The 
objection  to  this  idea — it  may  be  remarked— has  been  that  the  balls 
often  break  away  from,  the  operator  and  wreck  havoc  by  falling 
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to  the  stage  floor  thirty  feet  below,  or  in  other  ways  causing 
trouble. 

Wind,  rain,  and  snow  are  purely  mechanical  effects,  dependent 
however  in  many  instances  upon  electrical  action.  The  wind  machine 
consists  of  a  cleated-circumference  drum  revolved  against  a  strip 
of  heavy  canvas  held  in  tension,  the  apparent  velocity  of  the  wind 
depending  directly  upon  the  speed  of  rotation.  This  may  be  motor 
driven,  but  it  is  usually  turned  by  a  crank.  The  sound  of  falling 
rain  is  closely  imitated  by  dropping  peas  on  a  drum  head,  and  where 
a  visible  rain  storm  is  called  for,  as  in  the  famous  shower  scene 
in  "David  Harum,"  an  iron  pipe  perforated  with  a  single  row  of  pin 
holes  along  its  lower  side  is  hung  from  a  set  of  lines  near  the  front 
of  the  stage,  and  out  of  sight  of  the  audience,  and  is  connected  with 
the  nearest  water  tap  by  a  hose  line.  The  rain  is  caught  on  the  stage 
floor  in  an  oil  cloth  tarpaulin.  Since  the  pipe  perforations  are  very 
small  and  a  stage  rain  storm  is  usually  brief,  a  "'shower"  does  not 
usually  require  more  than  a  few  pails  of  water. 

The  best  example  of  the  artificial  snow  storm  is  found  in  that 
universal  favorite.  "Way  Down  East."  Here  electricity  aids  the 
mechanical  in  out-rivaling  nature.  The  snow-bag,  a  patented  device 
for  uniformly  dropping  the  paper  "snow,"  is  swung  in  the  borders, 
in  a  way  similar  to  the  rain  pipe.  To  secure  the  blizzard  effect 
a  battery  of  electric  fans  mounted  one  above  the  other  on  a  movable 
platform  is  set  up  in  the  wings.  The  draft  supplied  in  this  way 
is  sufficient  to  blow  the  snow  particles  across  the  stage,  and  used 
in  conjunction  with  the  wind  machine,  it  produces  an  effect  that 
is.  to  say  the  least,  true  to  life. 

A  number  of  methods  of  obtaining  moonlight  or  moon  effects 
are  used  with  Various  degrees  of  realism.  The  most  common  is  the 
rising  full  moon,  produced  by  a  tin  pan  fitted  with  several  incan- 
descent lamps,  and  hug  vertically  into  the  opening  against  the  rear 
of  a  "drop"  or  canvas,  scene  by  a  line  wound  on  a  clockwork-actuated 
drum.  The  "drop,"  usually  a  mountain  scene,  is  transparent  enough 
to  show  this  large  ball  of  yellow  light  through  its  paint.  As  the 
cord  is  wound  on  the  drum  the  moon  appears  to  rise  out  of  the 
hills,  and  at  the  same  moment  the  electrician  raises  the  amber 
"foots"  and  borders  on  the  "dimmer,"  giving  the  scene  the  yellow, 
hazy  light  of  a  summer  moonlight  evening.  In  conjunction  with 
this  eft'ect.  a  very  pretty  fire-fly  specialty  is  worked  out  by  tiny 
miniature  battery  lamps,  suspended  on  invisible  wire  threads  from 
the  borders,  contact  to  each  being  made  at  the  will  of  the  operator. 

The  house  electrician  in  a  large  metropolitan  theatre,  drawing 
a  salary  of  twenty  to  fifty  dollars  a  week,  must  be  not  only  a  thor- 
oughly practical  man,  but  must  have  a  clear  head,  a  quick  hand, 
and  a  resourceful  personality.  He  is  responsible  for  everything 
electrical  about  the  house,  from  the  talking  sign  in  the  street  to  the 
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proper  repair  of  the  lamp  socket  in  the  chorus-girl's  dressing  room. 
He  must  be  able  to  manipulate  the  switches  in  the  dark  or  with  his 
eyes  shut,  and  to  give  any  possible  combination  of  lighting  without 
an  instant's  thought  or  hesitation.  When  a  new  production  comes 
in,  it  is  his  duty  to  see  that  all  electrical  apparatus  is  sufficiently 
up-to-date  to  be  passable  by  his  city  ordinances,  and  then  he  must 
send  for  the  city  theatrical  inspector  and  secure  an  official  permit 
for  its  use.  He  must  keep  in  working  order  every  unit  of  the  great 
electrical  system,  from  the  curtain  bell,  or  warning  light  to  the 
motors  used  for  the  operation  of  the  steel  curtain.  During  the 
performance  the  house  electrician  is  directly  responsible  for  any 
trouble  arising  in  any  way  from  electrical  causes.  He  must  see 
that  each  calcium  or  spot  light  is  provided  with  a  reliable  man  to 
operate  it,  and  besides  manipulating  the  main  switchboard  he  must 
be  ready  at  an  instant's  notice  to  change  the  setting  as  the  show 
manager  may  dictate.  At  the  close  of  the  scene  or  act,  he  must 
superintend  the  rapid  "striking"  of  all  electrical  paraphernalia, 
its  removal  from  the  path  of  the  stage  hands,  who  follow  imme- 
diately, and  he  must  have  his  effects  all  ready  to  "hang"  or  "set" 
the  moment  that  the  following  setting  is  completed.  It  has  well  been 
said  that  "there  are  no  fortunes  made  on  the  stage,"  and  the  way  of 
the  stage  worker,  whether  he  be  actor  or  "grip,"  or  electrician, 
removed  from  the  romanticism  of  the  glaring  calcium  and  the  foot- 
lights, is  a  hard  one. 
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SOME  PHASES  OF  THE  ECONOMICS  OF  RAILWAY 

LOCATION. 


R.  B.  SuppY,  C.  E. 

The  engineering  profession  has  made  remarkable  advances 
in  the  past  50  years.  The  professions  of  Civil  Engineering,  Me- 
chanical Engineering,  and  Electrical  Engineering  have  proceeded 
from  a  single  one,  and  from  each  of  these  are  growing  branches 
which  now  engage  large  numbers  of  men  in  their  pursuit.  Not  th.e 
least  of  these  is  Railwav  Location. 
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To  call  to  mind  the  great  and  complicated  network  of  rail- 
ways covering  the  United  States,  upon  which  nearly  all  of  our 
commercial  life  depends,  is  to  realize  the  importance  of  the  work 
of  the  locating  engineer.  We  may  at  the  same  time  be  impelled  to 
wonder  how  many  more  new  railways  will  be  built :  and  we  must 
conclude  that  the  day  is  not  far  distant,  when  new  location  work 
will  be  very  slight.  This  does  not  mean  that  the  era  of  the  locating 
engineer  is  past,  though  we  may  adopt  a  more  descriptive  title  for 
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the  work  he  still  has  to  do.  So  wisely  have  the  railways  been 
located  in  the  past,  that  they  have  developed  their  tributary  country 
to  such  an  extent  that  the  need  has  come  for  extensive  revision. 
The  country  has  grown  and  the  railroads  have  had  to  grow  with  it 
to  meet  the  demands  for  a  greater  carrying-  capacity  and  for 
cheaper  transportation.  Therefore  the  locating  engineer's  work  in 
the  future  will  be  that  of  railway  revision,  and  we  may  well  call  him 
the  revision  engineer. 

Both  the  locating  engineer  and  the  revision  engineer  will  be 
governed  by  the  same  principles  of  economics,  though  the  points 
of  view  are  somewhat  different.  On  new  location,  the  engineer 
may  not  have  very  accurate  information  as  to  the  effect  on  the  cost 
of  operation  over  heavier  grades,  rise  and  fall,  greater  distance, 
and  great  curvature.  He  is  usually  compelled  to  rely  on  infor- 
mation obtained  from  observations  on  roads  on  the  cost  of  operation 
of  excess  grades,  rise  and  fall,  distance  and  curv'ature,  except,  as 
obtained  from  observations  on  roads  already  built  and  operating 
under  perhaps  greatly  dissimilar  conditions ;  but  he  can  rely  on  a 
considerable  growth  of  traffic  due  to  the  development  of  new  in- 
dustries along  the  line.  He  has  only  to  guard  against  projecting 
the  traffic  curve  so  far  ahead  that  the  expenditure  made  on  the 
strength  of  that  estimate  will  be  so  great  that  the  profits  on  the  enter- 
prise will  not  pay  the -fixed  charges  during  the  first  few  years  after 
construction  and  the  road  be  thus  thrown  into  the  hands  of  a 
receiver. 

The  revision  engineer  has  an  entirely  different  problem.  The 
road  has  passed  the  breakers  of  financial  uncertainty  and  the  traffic 
has  perhaps  in  most  cases,  reached  such  a  magnitude  that  even  the 
utmost  improvement  in  gradients  and  alignment  will  not  relieve 
its  congestion.  Under  these  conditions  it  will  be  possible  to  arrive 
at  very  close  estimates  of  the  cost  of  operation  due  to  excessive 
grades,  rise  and  fall,  distance  and  curvature,  by  a  careful  analysis 
of  the  cost  of  transportation.  However  it  may  be  that  the  traffic 
of  the  road  is  such  that  even  if  the  train  loads  were  increased  to 
their  maximum  by  the  revision  of  grades  and  alignment,  by  the 
use  of  larger  and  more  efficient  locomotives,  and  bv  a  reduction 
of  the  ratio  of  the  dead  load  to  the  total  load,  the  cost  of  operation 
w^ould  be  excessive  on  account  of  the  congestion  of  traffic.  In 
this  case  the  engineer  must  determine  what  amount  of  traffic  would 
be  benefited  by  an  imnrovement  of  the  alignment  and  of  the  grades, 
and  must  also  determine  what  additional  expenditure  will  be  neces- 
sary to  provide  additional  sidings  of  parallel  tracks.  If  parallel 
tracks  or  additional  sidings  are  necessary  the  conditions  of  opera- 
tion will  be  changed  and  the  estimates  of  the  cost  of  transportation 
made  under  the  old  conditions  will  ^eed  to  be  modified. 
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The  vvnter  has  prepared  a  diagram  from  the  statistics  published 
by  the  Interstate  Commerce  Commission,  which  diagram  shows  the 
per  cent  of  Variation  of  the  amount  and  cost  of  railway  traffic  in 
the  United  States  for  each  year  since  1890,  using  the  figures  for 
that  year  as  a  basis  of  comparison.  This  diagram  shows  that  the 
average  train  load  has  increased  in  very  nearly  the  same  proportion 
as  the  number  of  tons  hauled  per  mile  of  line,  indicating  that  the 
phenomenal  increase  of  traffic  in  the  last  ten  years  has  been  taken 
care  of  largely  by  the  increase  of  the  train  load. 

The  cost  per  train  mile  and  also  per  ton  mile  decreased  between 
1890  and  1897,  showing  that  in  that  period,  the  increase  in  tram 
load  reduced  the  expense  of  operation.  Prom  1897  until  1901  the 
increase  in  train  load  resulted  in  an  increased  cost  per  train  and  a 
decreased  cost  per  ton  mile ;  but  since  1901  the  increase  in  train 
loads  has  materially  increased  the  cost  per  train  mile  and  also 
slightly  increased  the  cost  per  ton  mile. 

These  figures  would  indicate  that  up  to  a  certain  amount  of 
traffic  any  increase  in  the  train  load  will  result  in  the  reduction 
of  the  cost  per  ton,  but  that  beyond  this  point  an  increase  in  tonnage 
without  providing  for  the  free  movement  of  the  trains,  will  in- 
crelase  the  cost  per  ton  mile..  Considering  that  these  figures  are  the 
average  for  the  United  States,  and  that  many  roads  have  not  reached 
their  full  capacity  for  handling  traffic  while  many  other  roads  have 
spent  large  sums  of  mjoney  in  double  tracking  and  grade  revision, 
we  must  conclude  that  there  is  a  point  beyond  which  it  is  useless 
to  reduce  grades  and  improve  the  alignment  without  increasing  the 
facilities  for  handling  trains. 

Another  phase  of  revision  is  that  the  amount  of  traffic  offered 
to  a  well  established  road  will  depend  to  a  very  considerable  extent 
on  the  financial  condition  of  the  country.  The  revision  engineer 
should  be  familiar  enough  with  the  business  life  of  the  country  to 
be  able  to  judge,  in  some  measure  at  least,  the  variations  in  the 
amount  of  traffic  to  be  expected.  If  the  time  be  one  of  pros- 
perity with  all  the  evidences  of  a  healthy  business  situation,  the 
railway  may  expect  a  material  increase  in  traffic  ;  if  financial  unrest 
prevails,  or  there  is  evidence  of  over  speculation,  a  falling  off  of 
the  traffic  may  be  expected.  This  is  quite  strikingly  shown  in  the 
diagram  bv  the  great  decrease  in  traffic  in  1894,  closely  following  the 
panic  of  1893.  Some  new  traffic  may  be  developed  in  new  terri- 
tory by  means  of  feeder  lines,  but  ev)en  the  growth  of  this  traffic 
will  be  affected  very  largely  by  the  financial  condition  of  the  country. 
Familiarity  with  the  financial  conditions  will  enable  the  engineer  to 
judge  in  any  particular  case  whether  it  will  be  more  economical  to 
provide  the  lowest  cost  of  operation  for  the  traffic  at  the  rush 
periods  and  pay  excessive  interest  charges  in  the '  dull  season,  or 
to    provide    for    the    lowest    cost    of   operation    for    the    minimum 
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amount   of  traffic  and  pay   excessive   operation   expenses   in   the 
rush  period. 

Thus  we  have  seen  that  the  growth  of  railway  transportation 
has  brought  to  the  revision  engineer  much  broader  questions  than 
were  given  to  his  predecessors,  who  have  built  so  well  that  need 
has  come  for  much  revision.  To  decry  the  old  locations  as  mistakes 
of  judgment  is  as  bad  as  to  accuse  the  shoemaker  of  being  wrong 
in  making  shoes  to  fit  children  who  will  soon  outgrow  them . 
The  growth  of  traffic  has  been  beyond  all  precedent  and  we  may 
expect  it  to  continue  to  grow  for  a  time  at  least ;  nevertheless  the 
work  of  the  locating  engineer  is  gradually  and  surely  changing 
from  that  of  new  location  to  that  of  revision.  The  locating  engi- 
neer was  the  standard  bearer  in  the  great  invasion  of  the  west ; 
the  revision  engineer  will  provide  the  way  for  greater  growth  of 
our  commerce  and  productive  industries. 
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FIELD    WORK    IN    CONNECTION    WITH    CAISSON 

SINKING. 


B.  Van  de  Greyn,  C.  E.,  '09. 

This  article  will  take  up  the  field  work  done  in  connection  with 
the  sinking-  of  the  caisson  of  Pier  Two  of  the  Kaw  River  Bridge, 
Sixth  Street  Viaduct,  in  Kansas  City,  Mo.  Waddell  and  Hedrick 
were  the  consulting  engineers,  E.  E.  Howard  was  resident  engi- 
neer, and  the  writer,  principal  assistant  engineer.  The  substructure 
work  was  done  by  Kahmann  &  McMurray,  contractors. 

Methods  of  triangulation  for  pier  location  and  descriptions 
of  caissons  in  general  can  be  found  in  text  books  and  engineering 
literature.  Therefore,  in  this  article,  these  subjects  will  be  touched 
upon  only  in  a  general  way ;  but  the  work  subsequent  to  the  triangu- 
lation will  be  treated  more  fully. 

Triangulation.  The  main  base  line  was  laid  on  the  Chicago 
Great  Western  railroad  bridge  shown  on  the  left  edge  of  the  illus- 
tration. The  line  was  run  on  the  top  of  the  ties  parallel  to  and 
just  outside  of  the  track  and  extended  back  to  intersect  with  the 
bridge  tangent.  In  this  line  a  hole  was  punched  in  the  top  flange 
of  the  end  floor  beam  at  the  fixed  end  of  the  first  and  third  span 
of  the  bridge.  For  the  sake  of  convenience  call  the  intersection 
of  base  and  line  and  bridge  tangent  A,  the  first  punch  hole  B,  and 
the  second  punch  hole  C.  Dist:»iices  A  B  and  B  C  were  measured 
with  base  line  accuracy,  and  the  angle  at  A  determined.  The 
distance  A  B  was  found  to  be  299.532  feet  and  B  C,  406.656  feet. 

The  Kaw  Bridge  consisted  of  two  spans,  leach  of  about  300 
feet  length.  Pier  i  and  Pier  3  were  on  the  east  and  west  shores 
of  the  river,  and  Pier  2  in  the  middle  of  the  stream.  The  angles 
to  be  turned  off  from  the  base  line  at  the  points  B  and  C  to  form  an 
intersection  with  the  bridge  tangent  at  the  desired  pier  centers 
were  calculated.  Then  with  the  transit  set  over  B  and  C  in  turn, 
these  calculated  angles  were  accurately  turned  off  and  permanent 
foresights  put  up  and  firmly  secured.  Probably  the  most  accurate 
way  in  which  to  establish  such  a  reference  line  is  as  follows :  sup- 
pose transit  to  be  set  up  at  B  ;  sight  on  C  and  turn  oflf  the  angle 
calculated ;  mark  the  line  on  a  board  securely  fastened  with  its 
plane  perpendicular  to  the  reference  line.  Call  this  point  D.  With 
transit  still  at  B  read  the  angle  C  B  D  very  accurately,  in  such  a  w^ay 
as  to  eliminate  as  much  as  possible  all  errors.  The  angle  C  B  D 
as  now  determined  will  be  slightly  greater  or  less  than  the  required 
angle.  Move  transit  to  C  and  read  angle  BCD;  calculate  the 
length  of  line  B  D.  Knowing  the  fength  B  D  and  the  error  in  the 
angle  C  B  D  as  previously  determined,  it  is  then  easy  to  calculate 
the  amount  that  the  mark  on  the  board  should  be  moved  to  correct 
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the  error  in  the  angle.  A  target  can  then  be  painted  on  the  board 
with  a  distinguishing  letter  or  number  which  can  be  seen  with  the 
transit  at  point  B.  Of  course  it  is  not  always  possible  to  have  a 
board  target,  nor  is  it  always  best ;  but  the  above  method  can  be 
used  whatever  kind  of  monument  is  used  for  a  permanent  foresight. 
It  is  convenient  to  have  permanent  foresights  which  can  be  easily 
seen  from  the  transit^  as  much  time  is  saved  if  it  is  not  necessary 
to  send  a  man  across  the  river  with  a  flag  pole  each  time  a  fore- 
sight is  needed.  On  the  west  side  of  the  Kaw  River  (not  seen 
in  the  illustration)  a  second  base  line  was  laid  off  by  which  a  check 
on  the  work  from  the  main  base  line  was  secured.  In  general  a 
bridge  is  not  the  best  place  on  which  to  establish  a  base  line  due 
to  annoyance  from  trains  passing ;  but  in  this  case  it  was  the  best 
available  and  good  intersections  were  secured  with  the  bridge  tan- 
gent for  location  of  piers. 

The  Caisson.  The  caisson  was  simple  in  form.  It  might  be 
described  as  a  big  parallelopiped  formed  by  building  one  box  on 
top  of  another.  The  bottom  box  was  open  at  the  bottom,  had  a  roof 
of  solid  timber  6  feet  thick  and  sides  of  box  were  3  feet  thick ;  the 
bottom  edge  was  shod  with  a  steel  cutting  edge.  The  inside  of  this 
box  is  what  is  called  the  working  chamjber.  This  box  was  kept 
from  being  distorted  by  wooden  struts  and  i^  inch  adjustable  rods 
inside.  Two  horizontal  rows  of  12  x  12  inch  wooden  struts  were 
used,  distance  between  two  struts  in  each  row  being  about  9  ft.  6  in. 
One  row  was  just  below  the  ceiling  of  the  working  chamber  and 
the  other  row  about  i  ft.  10  inches  above  the  cutting  edge.  Parallel 
to  and  close  to  each  strut  in  the  bottom  row,  lyi  inch  adjustable 
rods  extended  through  the  caisson  from  outside  to  outside  of  the 
caisson  walls.  The  bottom  box  was  made  water  tight  by  thorough 
calking.  The  top  box  was  open  at  the  top  and  bottom,  the  sides 
consisting  of  12"  x  12"  timbers  well  drifted  together  and  cross 
braced  with  timber  struts.  Extending  up  from  the  working  cham- 
ber through  the  6  foot  roof  were  the  supply  shafts,  mud  lifts,  air 
pipes,  water  pipes,  and  main  shaft  through  which  the  work  in  the 
working  chamber  is  carried  on.  The  caisson  was  22  feet  wide,  56 
feet  long,  out  to  out,  built  of  long  leaf  southern  yellow  pine.  The 
outside  of  both  boxes  was  covered  with  2  inch  lumber  placed  with 
long  dimension  vertical.  The  distance  from  cutting  edge  to  top 
of  6  foot  roof  of  working  chamber  was  13^'^  feet.  The  construc- 
tion of  the  caisson  was  closely  watched  in  order  that  the  plans 
and  specifications  be  complied  with.  The  caisson  was  built  on  shore 
to  the  top  of  the  bottom  box,  all  pipes,  etc.,  being  in  place,  anc!  was 
afterward  launched  and  floated  to  position. 

False  Bottom.  It  might  be  well  at  this  point  to  show  the 
unique  method  resorted  to  to  make  possible  the  floating  of  the  cais- 
son.     It  was,  as  above  stated.  22  feet  wide  and  56  feet  long:  the  dis- 
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tance  from  the  cutting  edge  to  top  of  roof  of  working  chamber  being 
^3/^  feet;  roof  6  feet  thick  and  sides  of  working  chamber  3  feet 
thick.  The  writer  cannot  state  just  what  the  weight  of  the  timber 
was  per  cubic  foot  nor  the  weight  of  the  metal  in  shafts,  etc.  The 
volume  of  the  timber  was  about  10,000  cubic  feet.  Assuming  the 
lumber  to  weigh  40  pounds  per  cu.  ft.  then  the  timber  would  weigh 
400,000  pounds.  For  shafts,  cutting  edge,  bolts,  etc.,  assume  say 
20,000  lbs.,  bringing  total  weight  up  to  420,000  lbs.  Taking  weight 
of  I  cu.  ft.  of  water  as~62^  pounds  it  is  seen  that  6,720  cubic  feet 
of  water  will  be  displaced,  or  3,280  cubic  feet  of  timber  will  be 
above  the  water  level. 

—  2  2-3  feet.     13^  feet  —  2  2-3  feet  ==  10  feet  10  inches, 


22  X  56 

which  would  be  the  depth  of  the  cutting  edge  below  the  surface 
of  the  water.  The  river,  however,  was  of  less  depth  than  this, 
especially  near  the  shore.  The  following  method  was  then  resorted 
to.  A  false  floor  was  put  in  the  bottom  of  the  working  chamber 
on  the  bottom  side  of  the  lower  row  of  horizontal  struts.  The 
bottoms  of  the  struts  were  i  ft.  10  inches  above  the  cutting  edge. 
A  floor  of  2  inch  lumber  was  nailed  to  the  struts ;  the  floor  being 
made  with  calking  grooves  and  the  whole  well  calked  so  as  to 
make  the  working  chamber  impervious  to  the  water  at  the  bottom. 

Now  the  depth  of  the  cutting  edge  below  surface  of  water, 
when  caisson  was  floated,  would  be  about  i  ft.  8  inches  plus  6720  -:- 
22  X  56  feet,  or  about  7  feet.  The  depth  of  the  river  permitted  the 
caisson  to  be  floated  to  its  position  under  these  conditions.  After 
the  caisson  was  in  position  the  false  floor  was  removed  and  caisson 
allowed  to  settle. 

While  the  construction  of  the  caisson  on  shore  was  going  on, 
a  tramway  was  built  parallel  to  the  bridge  tangent  from  the  shore 
out  to  the  pier  site.  This  tramway  was  so  located  that  it  would  not 
interfere  with  the  subsequent  work  on  the  bridge,  such  as  the  false 
work  for  the  superstructure.  This  tramway  was  used  to  carry 
concrete  (all  of  which  was  mixed  on  shore),  timber,  and  other 
materials  out  to  the  caisson  after  it  had  been  floated  to  position. 
The  tramway  also  served  to  carry  the  water  and  air  pipes  which 
extended  from  the  machines  on  shore  to  the  caisson.  In  the  back- 
ground in  the  illustration  can  be  seen  the  long  frame  building  with 
two  stacks  rising  from  it.  This  building  housed  the  pump  and 
big  air  compressors  from  which  the  water  and  air  were  pumped 
to  the  working  chamber. 

As  soon  as  the  tramway  was  carried  out  far  enough  a  direct 
measurement  was  made  on  it  and  the  transverse  center  line  of  pier 
marked..  Then  the  places  to  drive  the  guide  piles  were  located  and 
marked   for  the   contractor.     The   guide   piles   were   used   to  keep 
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the  caisson  guided  in  approximately  correct  position  until  it  had 
been  settled  into  the  river  bed  some  distance.  All  the  pile  driving 
was  done  from  a  barge.  The  illustration  shows  tramway,  guide 
piles,  and  caisson  ready  for  launching. 

As  soon  as  the  guide  piles  were  driven  and  capped  a  tem- 
porary platform  was  built  on  these.  This  platform  served  as  a 
plane  on  which  to  locate  the  center  of  pier  from  the  base  lines  and 
bridge  tangent.  The  bridge  tangent  and  the  lines  turned  off  from 
points  B  and  C  on  the  base  line  should  have  intersected  at  a  point 
if  the  triangulation  work  had  been  done  correctly.  The  error  was 
within  the  limits  of  accuracy  set  for  this  class  of  work,  being 
inappreciable.  Therefore  the  reference  lines  were  not  changed. 
A  fairly  good  check  on  the  triangulation  work  was  secured  by 
direct  measurement  along  the  tramway. 

Before  the  caisson  was  launched  a  boat  spike  was  driven  at 
exactly  13  feet  above  the  cutting  edge  at  each  of  the  four  corners 
of  the  caisson.  Each  boat  spike  had  its  head  cut  off  so  as  to 
allow  a  level  rod  to  rest  upon  its  top  edge.  The  caisson  was  then 
launched  and  floated  to  position  between  the  guide  piles. 

After  the  sinking  was  well  started  the  routine  work  of  the 
engineer,  in  addition  to  inspecting  concrete,  etc.,  consisted  of  keep- 
ing a  record  of  the  position  of  the  cutting  edge.  As  the  caisson 
sank,  new  boat  spikes  were  put  in  higher  up  at  exact  distance 
above  those  last  driven  so  that  the  exact  elevation  of  the  cutting 
edge  could  always  be  ascertained.  In  putting  in  such  new  points 
the  measurements  were  always  made  accurately  and  a  record  of 
the  distance  above  the  cutting  edge  kept. 

To  get  the  data  for  calculation  of  position  of  cutting  edge,  the 
proceeding  was  as  follows.  On  the  caisson  the  center  of  finished 
pier  was  located  by  intersection  of  bridge  tangent  and  one  of  the 
reference  lines.  The  transit  was  set  over  this  point  and  a  right 
angle  turned  from  the  bridge  tangent.  On  the  outside  edges  of 
the  caisson  were  marked  the  transverse  and  longitudinal  center  lines 
of  the  pier.  The  distances  from  each  of  these  points  to  the  two 
adjacent  corners  of  the  caisson  were  measured  and  noted.  This 
showed  how  far  the  center  of  each  side  of  the  caisson  at  the  top 
was  off  from  the  center  lines  of  finished  pier.  Immediately  a 
level  was  set  up  on  the  caisson  and  a  long  backsight  taken  on  a 
bench  mark  on  the  shore  and  carekil  foresight  taken  on  each  of 
the  four  boat  spikes.  The  location  of  the  cutting  edge  could  be 
fully  determined  from  the  above  data. 

The  following  is  an  ideal  example.     Suppose  that  the  top  of 
caisson  is  out  of  position,  as  shown  in  figure  i.  and  that  the  eleva- 
tions on  the  spikes  at  the  four  corners  are  as  follows : 
Corner  4  elev.  =  97.00. 
Corner  3  elev.   =:  96.50. 
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Corner  i  elev.  =  96.80. 

Corner  2  elev.  =:  96.30. 
Further,  suppose  the  distance  from  boat  spikes  to  cut- 
ting edge  to  be  30  feet  and  that  the  top  of  caisson  is  5  feet  above 
the  boat  spikes.  The  caisson  is  22  feet  wide  and  56  feet  long.  By 
the  relation  of  similar  triangles  it  is  easy  to  calculate  the  position 
of  cutting  edge  shown  in  figure  4.  Figures  2  and  3  explain  them- 
selves, being  intermediate  steps  in  the  calculation.  In  figure  2  d' 
is  given  as  .08  feet.     By  similar  triangles 
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but  d'  must  be  corrected,  as  is  obvious  from  figure  4,  by  the  amount 


1.54 


22 


X    .5  or  —   .04  feet,  as  the  caisson  is  tilted  two  ways. 


This  makes  d'  =  .08  feet.  The  same  method  is  used  in  finding  the 
position  of  the  other  three  sides.  The  hypothenuse  is  used  in  the 
relation  instead  of  the  leg  of  the  triangle,  but  this  does  not  intro- 
duce any  appreciable  error. 

The  results  shown  in  figures  i  and  4  are  what  the  contractor 
needs.  The  sketches  i  and  4  and  a  short  letter  of  instruction — 
if  needed — are  given  to  him.  A  copy  of  sketches  and  letter  should 
be  kept  by  the  engineers  for  several  reasons.  Generally,  instead 
of  giving  elevations  as  shown  on  figure  4,  the  amount  each  of 
three  corners  is  above  the  fourth  low  corner  is  given  in  feet  and 
inches. 

The  instrument  work  was  done  immediately  after  the  blow- 
ing or  settling  of  the  caisson  so  that  there  was  no  movement  of 
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the  caisson  during  the  time  the  instrument  work  was  being  carried 
on.  As  the  caisson  neared  bed  rock  the  position  of  the  cutting 
edge  was  found  after  each  eettUng.  Throughout  the  work  the 
caisson  was  kept  in  as  correct  a  position  as  possible.  As  the 
caisson  neared  bed  rock  every  effort  was  used  to  keep  it  where  it 
should  be. 

Inspection  in  Working  Chamber.  Before  bed  rock  was 
reached  there  was  very  little  necessity  for  the  engineer  to  be  in  the 
working  chamber.  Occasionally  he  had  to  go  down  to  help  the 
contractor  devise  some  scheme  to  shift  the  caisson  when  it  went  so 
far  out  of  true  position  as  to  become  alarming.  When  bed  rock — 
soap  stone  in  this  case — was  reached,  the  stone  was  leveled  off 
somewhat ;  and  a  trench  i8  inches  wide  at  the  bottom,  3  feet  wide 
at  the  top,  and  about  18  to  24  inches  deep  was  cut  out  along  the 
sides  of  the  working  chamber  just  inside  the  cutting  edge.  This  was 
done  to  guard  against  slipping  of  the  caisson  and  in  case  the 
gravel  overlaying  the  soapstone  was  scoured  out. 

^  O 

4.J^ Li  V ^ 


^1  '  1-^ 

■^  I  '  Center  Lines  of  Bottom  of  Caisson 
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Filling  the  Working  Chamber.  After  the  foundation  had 
been  prepared  the  work  of  filling  up  the  working  chamber  and  the 
several  shafts  was  started.  During  this  work  constant  inspection 
was  maintained,  only  those  inspectors  being  used  who  could  stand 
the  air  pressure.  The  inspectors  took  turns,  some  inspected  the 
concrete  mixing  on.  shore  and  the  others  the  placing  of  the  concrete 
in  the  chamber.  The  concrete  was  mixed  quite  dry  and  let  down 
through  the  material  shafts  into  the  working  chamber.  It  was 
deposited  at  the  ends  of  the  working  chamber  first  and  well  tamped. 
The    chamber    was    gradually    filled,    that    part    nearest    the    main 
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shaft  being  done  last  necessarily.  After  the  working  chamber 
was  completely  filled,  the  shafts  were  entirely  filled  with  concrete. 
In  this  article  the  term  ''caisson"  has  been  used  altogether. 
Properly  that  part  from  the  cutting  edge  to  the  top  of  the  6  foot 
roof  of  the  working  chamber  should  be  termed  "caisson"  and  the 
open  box  above  it  termed  "crib."  It  has  been  thought  needless 
to  state  that  the  crib  is  carried  up  and  kept  filled  with  concrete 
as  the  caisson  and  crib  settle.  The  concrete,  of  course,  furnishes 
the  immense  weight  needed  to  force  the  caisson  down  through 
the  obstacles  encountered. 

In  General.  In  the  case  of  an  octogonal  or  circular  pier 
the  same  scheme  as  herein  outlined  can  be  used  in  locating  the 
cutting  edge.  In  general  it  may  be  said  that  in  the  case  of  shallow 
rivers  a  tramway  is  built,  as  shown  in  the  illustration,  and  the 
concrete  materials  are  mixed  on  shore  and  carried  out  on  the  tram- 
way ;  while  in  the  case  of  a  deep  river  the  concrete  aggregates 
are  mixed  on  barges  anchored  near  to  the  caisson  and  all  work 
handled  from  the  barges. 

Often,  in  order  to  save  timber  and  concrete,  the  crib  work  is 
stopped  and  the  shaft  of  the  pier  commenced  on  the  crib  before 
the  cutting  edge  reaches  bed  rock.  In  such  a  case  extreme  care 
should  be  exercised  in  giving  the  center  lines  for  bottom  of  shaft 
that  these  lines  will  coincide  with  the  correct  center  lines  of  the 
pier  when  the  caisson  comes  to  rest  on  its  foundation.  This  method 
should  be  used  only  when  the  cutting  edge  is  but  a  short  distance 
from  bed  rock,  as  the  movements  of  a  caisson  will  not  always  be 
just  as  they  are  calculated.  Also  the  shaft  should  be  made  some- 
what larger  all  around  than  the  plan  size  so  that  when  bed  rock 
is  reached  a  little  shifting  of  the  remainder  of  the  shaft  can  be 
done  if  fovmd  necessary.  The  practice  of  starting  the  shaft  on 
the  crib  when  the  caisson  is  any  considerable  distance  above  the 
foundation  is  a  bad  one,  as  the  actual  direction  of  moVement  of 
the  caisson  may  be  quite  different  from  what  the  engineer  supposed 
it  would  be.  Under  such  conditions  the  top  of  the  shaft  already 
built  might  be  so  far  out  of  true  position,  when  the  caisson  reached 
bed  rock,  as  to  prove  disastrous.  On  the  Kaw  River  Bridge  the 
crib  work  was  stopped  and  the  shaft  started  when  the  cutting 
edge  was  a  few  feet  above  bed  rock  in  order  to  save  concrete.  The 
caisson  acted  just  as  anticipated  and  the  top  of  the  shaft  was  very 
little  out  of  true  position.  The  advice  of  the  superintendent  as  to 
the  future  movement  of  the  caisson  and  crib  will  be  valuable  if 
he  is  a  man  of  considerable  experience  in  pneumatic  caisson  work. 

Pressure  in  Working  Chamber.  A  few  words  might  be 
said  as  to  variation  of  the  pressure  in  the  working  chamber.  When 
blowing  a  caisson  to  settle  it.  the  amount  the  water  rises  in  the 
chamber  depends  on  the  character  of  the  material  the  cutting  edge 
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is  in.  For  instance,  if  it  is  in  stiff  clay  the  caisson  can  be  blown 
and  settled  two  or  three  feet  without  any  water  apparent  at  all, 
while  if  it  is  in  soft  material  or  sand,  the  water  will  come  up 
appreciably.  Mr.  E  .E.  Howard  informed  the  writer  that  he 
had  been  in  caissons  where  on  settling  the  water  came  up  two 
feet  above  the  cutting  edge.  Of  course  the  pressure  varies  some- 
what in  the  proportion  of  the  hydrostatic  pressure;  that  is,  0.434 
H  pounds  per  square  inch,  where  H  is  the  depth  in  feet  below 
the  water  surface.  However,  it  will  not  always  hold  to  this  exact 
amount,  in  fact  it  rarely  does,  depending  on  the  class  of  material 
being  excavated.  In  stiff'  clay  the  pressure  can  be  run  down  con- 
siderably below  the  theoretic  amount,  or  run  up  above  this  amount 
without  much  leakage  in  either  case.  To  hasten  the  work  of 
getting  out  the  material  the  pressure  in  clay  is  often  run  up  con- 
siderably. In  sand  or  soft  material,  on  the  other  hand,  as  soon 
as  the  pressure  is  brought  up  very  much  above  the  hydrostatic 
pressure,  air  is  bound  to  be  forced  out  around  the  cutting  edge 
as  is  shown  by  the  bubbling  of  the  water  at  the  surface  outside. 

In  general  it  might  be  said  that  in  clay  the  pressure  is  kept  a 
little  below,  and  in  sand  or  soft  material,  a  little  above  the  true 
hydrostatic  pressure. 

The  operation  of  marking  lines  on  the  top  of  the  pier  coping 
for  position  of  shoes  of  the  steel  span  comes  under  the  head  of 
superstructure,  rather  than  substructure  work,  and  will  therefore 
not  be  considered  in  this  article. 
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RIBBED  CAST  IRON   BASEPLATES. 


C.    E.    NOERENBERG,    B.    S.,    '07. 

(Research  Fellow.) 

It  is  singular  in  this  "age  of  engineering,"  when  the  design 
of  most  details  of  engineering  construction  has  been  reduced  to 
the  application  of  a  formula  or  theory,  that  the  design  of  such  an 
important  detail  of  modern  mill  and  steel  office  building  construc- 
tion as  the  baseplate,  has  been  neglected.  As  far  as  the  writer 
has  been  able  to  learn,  but  few  investigators  have  attempted  to 
study  the  baseplate  analytically,  no  theoretical  formulas  have  been 
evolved  as  yet  and  no  actual  tests  or  experiments  whatever  have 
been  made.  Its  design  is  left  to  mere  guess  work  or  the  applica- 
tion of  empirical  formulas  such  as  F.  E.  Kidder's  or  W.  F.  Scott's. 

Aside  from  the  formulas  deduced  for  plain  baseplates  without 
ribs  by  Dr.  N.  C.  Ricker,  Professor  of  Architecture  at  the  Univer- 
sity of  Illinois,  as  published  in  The  Technograph  No.  20,  pp.  109-114, 
only  two  pages  of  a  theoretical  nature  were  discovered  in  all  the 
English,  French,  and  German  literature  available  to  the  writer  and 
these  were  written  by  Prof.  E.  Claussen  in  his  text,  Statik  und 
Festigkeitslehre,  pp.  180-184.  His  theory  with  some  modifications 
was  used  as  a  basis  for  an  investigation  performed  under  the  direc- 
tion and  suggestion  of  Dr.  Ricker  and  presented  in  June,  1907, 
by  the  writer  to  the  University  of  Illinois  as  a  thesis  in  x'Vrchitectural 
Engineering,  of  which  a  brief  report  will  be  made. 

Since  concrete,  stone  or  brick  masonry  has  a  far  smaller  strength 
under  compression  than  has  iron  or  steel,  a  larger  area  of  the  former 
than  of  the  latter  will  be  required  safely  to  transmit  the  load  sup- 
ported on  a  cast  iron  or  steel  column  to  its  masonry  foundation. 
The  purpose  of  the  baseplate  is  uniformly  to  distribute  the  weight- 
of  the  column  and  its  load  over  a  sufficiently  large  area  to  keep 
the  unit  pressure  on  this  area  from  exceeding  that  allowed  in  safe 
engineering  practice.  The  size  and  dimensions  of  the  baseplate 
are  accordingly  governed  by  the  permissable  stresses  in  masonry 
and  cast  iron. 

The  entire  area  of  the  baseplate  transmits  uniform  pressure 
to  the  foundation,  or,  it  may  be  considered  as  afifected  by  a  uniform 
load  due  to  the  upward  pressure  of  the  foundation  and  as  supported 
by  a  small  area  at  its  center  against  this  upward  reaction.  There- 
fore the  outer  edges  of  the  plate  are  unsupported  and  the  load  per 
unit  area  creates  a  bending  moment  that  tends  to  break  the  base- 
plate. This  bending  moment  can  be  resisted  in  only  two  ways,  by 
increasing  the  thickness  of  the  plate  from  the  outer  edges  toward 
the  center  as  in  the  plain  baseplates,  or  by  the  insertion  of  a  number 
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Let  P 
in  pounds. 


of  bracket-like  ribs  which 
support  and  stiffen  the 
outer  edges  of  the  plate 
and  act  as  cantilever  beams 
to  transfer  the  load  of  the 
area  supported  to  the  cen- 
ter column  support  or  hub. 
The  plate  between  the  ribs 
supports  and  transfers  the 
load  to  the  ribs  and  acts  as 
a  uniformly  loaded  beam 
fixed  at  both  ends  to  the 
center  lines  of  the  rib. 

Prof.  Claussen  states  that 
each  rib  supports  indepen- 
dently its  proportionate 
portion  of  the  pressure 
area  of  the  baseplate  like 
an  inverted  bracket  and  the 
bending-  moment  due  to  its 
load  is  opposed  by  the  re- 
sisting moment  of  the  T- 
shaped  cross-section  of  the 
rib  and  a  portion  of  the 
plate  tangent  to  the  hub 
at  the  root  of  the  rib  thus 
assuming  that  the  plate 
breaks  along  straight  lines 
equi-distant  from  two  ad- 
jacent ribs,  first  from  the 
edge  of  the  baseplate  to- 
ward the  hub  and  then  di- 
rectly across  at  right  an- 
gles to  the  rib  in  a  plane 
tangent  to  the  hub,  leaving 
the  hub  uninjured.  Accord- 
ing to  these  assumptions, 
theoretical  formulas  were 
evolved,  baseplates  of  nine 
different  types  were  de- 
signed, and  as  a  proof  of 
the  correctness  of  the 
formulas  were  tested  to 
destruction. 
Notation. 
total  load  on  baseplate  or  total  reaction  of  masonry 
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Pi  =  max.  permissible  unit  pressure  of  column  on  baseplate 
in  pounds  per  sq.  in. 

p,  =1  max.  permissible  unit  pressure  of  baseplate  on  masonry 
in  pounds  per  sq.  in. 

Let  A^  =  total  area  necessary  to  support  column  in  sq.  in. 
Ag  =  total  area  of  baseplate  in  sq.  in. 
t    =  thickness  of  metal  ribs  and  hub  in  inches. 
d    =  thickness  of  plate  in  inches, 
h    =  height  of  rib  above  plate  in  plane  tangent  to  central 

hub  in  inches. 
a    =z  area  of. portion  of  plate  supported  by  rib  or  lying 

outside  the  fracture  line  in  sq.  in. 
Ij  =  lever  arm  of  this  pressure  area  or  distance  from 
fracture  line  to  center  of  gravity  of  area  in  in. 
I2  =  greatest  distance  between  center  lines  of  adjacent 

ribs  in  inches. 
bi  =■  thickness  or  width  of  strip  considered  as  a  beam 

in  inches. 
S    =  maximum   permissible   fiber   stress    in    pounds   per 

sq.  in. 
M    =  bending  moment  acting  at  right  angles  to  fracture 

line  in  inch  pounds. 
I    =  moment  of  inertia  of  fracture  section. 
c    =  distance  from  neutral  axis  of  fracture  section  to  most 
distant  fiber  in  tension  in  inches. 
In  order  completely  to  detail  a  baseplate  it  is  necessary  to  have 
the  following  dimensions : 

1.  The  size  of  the  top  area  on  which  the  column  rests. 

2.  The  size  of  the  bottom'  area  which  rests  on  the  masonry. 

3.  The  thickness  of  the  bottom  plate. 

4.  The  height  of  the  rib  at  the  center  next  the  hub. 

The  shape  of  the  baseplate,  the  number  of  ribs  and  the  thick- 
ness of  metal  in  the  ribs  and  hub  are  chiefly  a  matter  of  judgment 
though  of  course  they  influence  the  design  after  being  assumed. 

In  order  to  keep  within  the  allowable  limits,  the  two  first  areas 
are  at  once  determined  by  the  load  and  the  allowable  unit  pressures. 

P  P 

or  Aj  = ^   and  Ao  = 


Pi  "  Pa 

Then,  as  the  plate  acts  as  a  beam,  its  thickness  or  depth  will  also 
be  determined  by  its  load.  It  may  be  considered  as  divided  into 
strips  parallel  to  the  line  joining  the  ends  of  the  center  lines  of 
adjacent  ribs,  whose  breadth  is  B^,  whose  thickness  is  D,  and  whose 
length  is  U. 
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For  a  fixed  beam  M  = 
and  for  a  rectangular  section 
Therefore,  since 


12 

I  bd^ 


c 
M  I 


c 
P,  lo-    __      Sbid^ 

12  6 

But  Bi  =:  unity  since  S  is  measured  in  terms  of  unity. 

Therefore,  d  =  L  V  — ^-  where  Ig  is  determined  from  Aj. 

2  o 

It  only  remains  to  determine  the  height  of  the  rib.  Accord- 
ing to  Prof.  Claussen's  theory,  the  assumed  fracture  line  is  repre- 
sented by  the  line  1-2-3-4  in  Fig.  i.  It  is  also  assumed  that  the 
resistance  of  the  plate  to  fracture  along  the  radial  lines  1-2 
and  3-4,  is  negligible,  since  that  part  of  the  plate  is  already  under 
a  bending  moment.  But  as  the  length  I2  decreases  from  the  outer 
edge  of  the  basplate  toward  the  center,  the  thickness 'D  should 
also  decrease.  But  since  this  thickness  is  always  made  the 
same  from  edge  to  hub  in  practice,  there  evidently  is  an  excess 
of  strength  not  taken  into  consideration  and  whose  amount 
cannot  be  easily  determined.  As  will  be  shown  later,  this  is  prob- 
ably a  fault  in  the  theory.  However,  for  want  of  better  information, 
it  was  assumed  that  the  bending  moment  of  the  rib  was  opposed 
by  the  resisting  moment  of  only  that  part  of  the  cross-section  which 
was  perpendicular  to  the  line  of  action  of  the  moment,  the  T-shaped 
cross-section  2-3. 

Since  each  rib  supports  its  proportionate  portion  of  the  area, 
the  bending  moment  is  evidently  a  p,  li  and  must  equal  the  resisting 
moment  of  the  cross-section. 

Therefore,  - —  =  ^^ 


where  —  equals  the  section  modulus  of  the  T-shaped  cross-section 

of  Fig.  2. 

The  moment  of  inertia  of  this  section  is 

J  ^  t  Co^  4-  b  c,^  —  (b  —  t)   (ct  —  d)^ 

3 

(h-f  d)^t-f  (b-t)  d^ 
^'=  2"A 
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Cc  =   (h  +  d)  —  c, 
A  =  b  d  +  h  t 

After  substituting  and  reducing 
a  pi    _   I    _  I  b-  d^  +  4  b  d^'  h  t  +  6  b  d-  h-  t4-4bd^ht+hH- 

S      ~Cf  ~"   6  '  b  d-'+  2  d  h  t  +  h- 1 

Since  this  equation  is  unsolvable  for  h,  the  unknown  quantity, 
it  is  necessary  to  use  the  "cut  and  try"  method  in  obtaining  it ;  i.  e., 
by  assuming  a  certain  section  by  giving  h  some  actual  value  and 

obtaining  a  numerical  result  for  the    p    of  this  particular  section. 

If  this  result  is  very  nearly  equal  to  the  required         or  — -^ —  the 
section  will  be  suitable  and  h  will  have  this  value.     If  not,  other 

sections  mnst  be  chosen  until  the  actual  result  for    p   does  equal 

the  required  one. 

By  the  use  of  these  formulas  nine  different  types  of  baseplates 
were  designed,  square,  circular,  and  octagonal,  with  four  and  eight 
ribs  of  different  arrangement  as  shown  in  Fig.  3. 

The  bottom  area  of  all  the  baseplates  was  made  400  sq.  in.  in 
size  for  purposes  of  comparison  and  the  allowable  pressure  per  sq. 
in.  was  fixed  at  50  lbs.,  in  order  that  the  strength  of  the  baseplates 
would  not  exceed  the  capacity  of  the  600,000  lbs.  Riehle  testing 
machine  in  the  Laboratory  of  Applied  Mechanics  on  which  the  tests 
were  made.  Therefore,  the  safe  load  for  which  the  baseplates  were 
designed  was  20,000  ibs.  and  with  a  factor  of  safety  of  10,  the 
ultimate  strength  was  200,000  lbs.  The  central  hub  or  column 
bearing  area  was  made  circular  in  all  the  types,  the  outside  diameter 
being  4  inches  and  the  thickness  of  metal  in  hub  and  ribs  %  inches. 
The  formulas  were  also  arranged  to  satisfy  the  building  ordinances 
of  the  city  of  Chicago.  Therefore,  the  following  unit  stresses  were 
adopted  as  safe. 

Maximum  fiber  stress  in  cast  iron  tension,    2,500  lbs.  per  sq.  in. 

Maximum  fiber  strength  in  cast  iron  compression,  10,000  lbs. 
per  sq.  in. 

Maximum  pressure  on  concrete  masonry,  125^  tons  per  sq.  ft., 
dirnension  stone  or  brickwork  in  Portland  cement. 

The  tension  stress  governed  the  design  of  the  section,  as  in 
no  case  was  the  ratio  of  Ct  to  Cc  greater  than  or  equal  to  i  to  4, 
the  ratio  of  2,500  to  10,000.  The  portions  of  the  plates  lying  outside 
the  lines  joining  the  extreme  ends  of  the  center  lines  of  adjacent 
ribs  act  as  simple  baseplates  and  were  tapered  from  the  required 
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distance  along  these  lines  to  y^  of  an  inch  at  the  edges  or  corners. 
The  dimensions  of  these  baseplates  are  included  in  Table  I. 

These  specimens  of  each  of  the  nine  types  were  cast,  the  cast 
iron  being  of  fair  average  commercial  quality.  One-fifth  of  the 
baseplates  exhibited  flaws  along  the  fracture  section.  The  metal 
was  fairly  brittle  in  nature  and  most  probably  the  tensile  strength 
was  low.  It  is  regretted  that  no  small  test  specimens  were  made 
and  hence  no  values  of  the  exact  tensile  and  compressive  unit 
strength  of  the  metal  determined. 

The  most  difficult  point  in  making  the  tests  was  the  selection 
of  a  suitable  and  proper  cushion,  and  considerable  experimenting 
was  done  before  final  acceptance.  It  was  impossible  to  place  the 
baseplate  directly  upon  the  bed  of  the  machine,  because  this  would 
not  reproduce  the  conditions  occuring  in  actual  practice.  It  was 
necessary  that  a  cushion  or  bed  be  placed  under  the  baseplate,  which 
should  be  as  perfectly  elastic  as  possible  and  which  should  still  be 
of  sufficient  rigidity  to  cause  the  pressure  to  be  resisted  over  the 
entire*  surface  as  nearly  uniformly  as  possible.  To  make  the  theory 
and  tests  agree,  the  pressure  per  unit  area  had  to  be  kept  uniform 
over  the  entire  area  until  the  baseplate  failed  by  fracture.  It  was 
found  that  a  bed  composed  of  ten  or  twelve  layers  laid  in  alternate 
directions  of  Ji  inch  by  3  inch  pieces  of  oak  wood  26  inches  long 
planed  on  all  sides,  possessed  the  necessary  requirements.  Each 
layer  was  composed  of  eight  pieces  laid  side  by  side  and  separated 
by  34  inch  spaces  to  allow  for  expansion  while  under  pressure. 
The  bed  was  then  26  inches  square  and  10  inches  high  and  showed 
a  compressive  strength  of  over  1,500  pounds  per  sq.  in. 

Each  value  in  the  column  in  actual  ultimate  strengths  or  break- 
ing loads,  and  in  the  column  of  weights  in  Table  I  is  the  average 
of  the  three  specimens  of  each  kind. 

It  is  evident  from  an  inspection  of  the  column  in  Table  I  con- 
taining the  factors  of  safety  of  the  fracture  section  2-;^,  that  there 
is  a  great  discrepancy  to  be  accounted  for  before  the  formulas 
and  theory  can  be  proved  correct.  The  values  of  these  factors  of 
safety,  varying  from  28  to  16,  with  an  average  of  21,  are  much  higher 
than  the  assumed  one  of  10.  and  the  usual  one  of  6  to  8  to  10  for  cast 
iron  imply  that  the  baseplates  as  designed  are  too  strong.  From  a  study 
of  the  fractures  of  all  the  baseplates  as  they  actually  did  break,  it  was 
found  that  in  no  case  did  the  baseplate  break  along  the  assumed 
fracture  line.  But  the  tendency  seemed  to  be  to  break  in  straight 
lines  through  the  center  of  the  baseplate  parallel  to  the  center  lines 
of  the  ribs  or  along  a  diameter.  Because  of  the  unaccounted  for 
excess  strength  of  the  assumed  fracture  section  along  the  radial 
lines,  the  ribs  did  not  break  out  independently  of  each  other  accord- 
ing to  Prof.  Claussen's  theory,  but  were  tied  together  by  the  plate. 
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which  in   turn   was  stiffened  by  the  ribs.     Evidently  the  assumed 
theory  is  correct. 

The  baseplate  tended  to  and  actually  did  fracture  along  a  line 
so  placed  that  the  element  of  the  stiffness  was  not  included.  As 
suggested  by  Dr.  Ricker,  this  line  is  a  diameter  of  the  baseplate 
as  line  1-5  in  Fig.  i.  If  we  assume  this  fracture  line  is  correct, 
compute  the  actual  value  of  the  section  modulus  of  this  new  fracture 

I  apl 

section  and,  by  proportion  from  the  required  value  of  —  or 


c  S 

compute  the  actual  strength  of  each  baseplate  with  respect  to  this 
new  assumption,  we  shall  obtain  data  sufficient  to  prove  this  state- 
ment. From  an  inspection  of  the  factors  of  safety  for  the  fracture 
line  1-5  in  Table  I,  which  vary  from  12.29  to  8.68,  it  is  at  once 
evident  that  the  actual  strengths  of  the  baseplates  are  as  nearly 
uniform  as  this  material,  cast  iron,  will  permit,  and  that  the  average 
value  of  the  factor  of  safety,  10.05,  ^s  almost  exactly  equal  to 
the  assumed  one.  This  in  itself  is  sufficient  to  prove  the  correct- 
ness of  the  assumption  of  the  second  fracture  line,  the  diameter 
of  the  baseplate. 

As  the  entire  baseplate  acts  as  a  beam  with  overhanging  ends, 
loaded  over  the  entire  area,  supported  at  its  center  and  therefore 
under  a  bending  moment,  its  ultimate  strength  should  be  determined 
bv  the  value  of  the  modulus  of  rupture  instead  of  the  value  of  the 
ultimate  tensile  strength  of  the  metal,  since  cast  iron  is  a  material 
whose  value  of  j\I,  the  ratio  between  its  ultimate  compressive  strength 
and  -its  ultimate  tensile  strength,  is  not  equal  to  i,  but  on  the 
contrary  is  equal  to  4  for  ordinary  iron.  Without  entering  a  lengthy 
discussion  here,  it  is  stated  by  such  eminent  authorities  as  Bach, 
Keep,  Burr,  Johnson,  and  others,  that  the  strength  of  such  materials 
with  no  definite  elastic  limits  and  without  the  limits  of  Hooke's 
law,  should  be  computed  by  the  safe  tensile  strength  of  the  material 
for  the  safe  working  load  and  by  the  modulus  of  rupture  for 
the  ultimate  load.  Since  the  ultimate  strength  of  the  baseplate  is 
the  one  that  wa3  determined  in  these  tests,  it  seems  but  just  to 
use  the  modulus  of  rupture  as  the  determining  factor.  According 
to  Prof.  J.  B.  Johnson,  as  stated  in  "Theory  and  Practice  of  INIodern 
Framed  v^tructures,"  the  value  for  the  modulus  of  rupture  is  i'.8i 
times  the  tensile  strength  when  ]\T  equals  4,  a  fair  ratio  for  cast  iron. 
Then  the  reduced  factor  of  safety  for  these  baseplates  is  5.55  which 
is  a  fair  value  for  commercial  cast  iron.  This  affords  another  proof 
of  the  correctness  of  the  theory  and  the  new  assumption. 

The  first  series  of  tests  was  considered  interesting  and  valu- 
able enough  to  be  supplemented  by  a  second  series  on  baseplates 
designed   according  to  the   corrected   theorv.      So  another   set   of 
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baseplates  of  the  nine  different  types  was  designed,  cast,  and  tested 
to  destruction  in  a  manner  similar  to  the  first  set  but  with  greater 
care  paid  to  the  small  details. 

The  correct  formulas  are  now 

P  P  p, 

A2  =  — ,  Ai  =  —  and  d  =  I2  V as  before 

Pi  P2  2  s 

I  a  P2  li 

and  —  ■=  for  the  correct  value  of  h 

c  s 

where  a  =  3^  A.,  and 
I  ■ 

—  =  section  modulus  of  the  LEAST  fracture  section  through  the 
c 

CENTER  of  each  baseplate,  such  as  the  T-shaped  cross-section 
of  Fig.  3.  It  was  again  necessary  to  obtain  the  values  of  H  by 
the  "cut  and  try"  method. 

The  second  series  of  baseplates  were  accordingly  different 
from  the  first  series  in  only  the  dimension  H,  as  this  was  the  only 
unknown  quantity  affected  by  the  change  to  the  new  cross-section. 
Aj,  A2  and  d  are  unchanged.  The  weights  and  ultimate  strengths 
in  Table  II  are  again  averages  of  three  baseplates  of  each  type. 

I 
where  a  =  —  A.,  and 

2 
I 

—  =  section  modulus  of  the  LEAST  fracture  section  through 
c 

the  CENTER  of  each  baseplate,  such  as  the  T-shaped  cross  sec-, 
tion  of  Fig  3.  It  was  again  necessary  to  obtain  the  values  of  H 
bv  the  "cut  and  try"  method. 

The  second  series  of  baseplates  were  accordingly  different 
from  the  first  series  in  only  the  dimension  H,  as  this  was  the  only 
unknown  quantity  affected  by  the  change  of  the  new  cross  sec- 
tion. Ai,  A2,  and  d  are  unchanged.  The  weights  and  ultimate 
strengths  in  Table  II  are  again  averages  of  three  base  plates  of 
each   type. 

The  second  set  of  tests  were  made  on  a  similar  bed  and 
under  similar  conditions  to  the  first  set  and  the  quite  remarkable 
uniformity  of  the  values  of  the  actual  uUimate  strengths  of  the 
nine  different  types  of  baseplates  seem  to  prove  undoubtedly  the 
correctness  of  the  theory  of  design  and  the  method  of  testing. 
The  largest  variations  both  high  and  low  from  the  mean,  are  the 
strengths  of  the  square  baseplates  both  four  and  eight-ribbed,  and 
it  seems  that  from  the  shape  of  these  baseplates,  the  great  varia- 
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Area  =  400  sq.  ins.  TABLE  II.         Safe  Load  =  20,000  lbs. 

t  =:  iy2  ins.  SECOND  SET  OF  TESTED  PLATES,      b'  =  4  ins. 


No. 

of 

Plate 

No. 

of 

Ribs 

Thick- 
ness 
d 

Height 

of  Kib 

h 

Total 

Height 

d+h 

Weight 

in 
pounds 

Actual 
Ultimate 
Strength 

Factor 

of 
Safety 

8 
2 
9 

5 

8 
8 
8 
8   • 

0.875 
0.875 
0.937 
1.000 

2.687 
2.687 
2.687 
2.750 

3.562 
3.562 
3.625 
3.750 

117 
120 
117 
133 

337  800 

326  300 

311  400 

27(i  300 

16.89 

16.32 

15.57 

13.82 

4 
1 
6 
7 
3 

4 

4 
4 
4 
4 

2.000 
1.625 
1.562 
1.687 
1.437 

1.750 
2.000 
2.125 
2.000 
2.375 

3.750 
3.625 
3.687 
3.687 
3.812 

220 
173 
152 
145 

145 

370  100     18.50 

316  400       15.82 

308  200  '     15.41 

303  800       15.19 

239  700     11.98 

Average 
Average 

8 
4 

0.922 
1.662 

2.703 
2.050 

3.625 
3.711 

122 
167 

312  950 
307  640 

15.65 
15.38 

Grand  Average. . 

1.333 

2.340 

3.673 

147 

310  000  1  15.50 

tion  in  distance  from  the  outer  edge  to  the  center  and  accord- 
ingly the  variation  in  the  bending  moment  at  different  points  on 
the  hub,  that  these  baseplates  would  naturally  be  the  most  in- 
consistent of  the  set.  The  strengths  of  the  remaining  six  base- 
plates are  remarkably  uniform  for  cast  iron,  not  varying  more 
than  five  per  cent  from  the  mean.  Also  the  average  strength 
of  the  eight-ribbed  baseplates  is  almost  exactly  equal  to  the 
average  of  the  four-ribbed  baseplates.  This  uniformity,  both  in 
this  set  and  in  the  first  set,  is  surely  a  proof  of  the  correctness 
and  reasonableness  of  the  theory. 

The  cast  iron  of  which  the  second  set  was  made,  was  of 
much  better  quality  than  that  used  in  the  first  set  and  of  a  far 
more  uniform  texture.  It  was  tougher  and  more  ductile  and  did 
not  present  one  flaw  in  breaking.  Test  specimens  for  the  de- 
termination of  the  tensile,  compressivie,  and  flexual  strengths  of 
the  metal  in  the  baseplates,  were  made  at  the  same  time  the 
baseplates  were  cast,  two  specimens  of  each  kind  of  test  piece 
being  cast,  at  the  beginning  of  the  pour  and  two  at  the  end. 
These  test  pieces  were  excellent  specimens  of  a  very  good  qual- 
ity of  cast  iron,  the  fractures  being  light  gray,  lustrous,  slightly 
granular  toward  the  center,  and  without  a  flaw.  They  were  the 
standard  forms  adopted  by  the  American  Society  for  Testing 
Materials  and  gave  the  following  unit  average  strengths  : 

Ultimate  strength  in  pure  tension,  Average  of  4,  24,700  lbs. 
per   sq.  in. 

Ultimate  strength  in  pure  compression.  Average  of  4,  105,- 
100  lbs.  per  sq.  in. 
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Modulus  of  rupture  in  flexure,  Average  of  8,  45,600  lbs 
per  sq.  in. 

By  means  of  these  unit  ultimate  strengths  it  is  possible  to 
determine  exactly  the  factors  of  safety  of  the  baseplates.  As  the 
Ultimate  strength  in  tension  was  24,700  lbs.  per  sq.  in.,  the  safe 
stress,  2,470  lbs.,  assuming  a  factor  of  safety  of  10  which  is  large, 
is  very  nearly  equal  to  the  one  that  w^as  adopted,  2,500  lbs.,  as 
prescribed  by  the  Chicago  building  ordinances.  The  value  of  M ; 
the  ratio  between  the  ultimate  tensile  and  compressive  strengths, 
4.26,  is  close  to  the  generally  assumed  value  of  4.  The  ratio 
between  the  ultimate  tensile  strength  and  the  modulus  of  rupture, 
1.85,  is  almost  exactly  equal  to  the  ratio  obtained  from  Prof. 
Johnson's  formula  when  m  equals  4.26.  Then  by  the  use  of  the 
modulus  of  rupture  as  the  determining  factor  in  place  of  the  ul- 
timate tensile  strength  as  previously  explained,  the  factor  of 
safety  of  the  baseplates,  15.50,  is  reduced  to  8.38,  a  value  which 
is  very  reasonable  for  the  excellent  quality  of  cast  iron  in  the 
baseplates.  Or  in  other  words,  assuming  that  since  the  base- 
plate is  under  a  bending  moment,  the  modulus  of  ruoture  of 
cast  iron  should  be  the  unit  determining  factor  in  place  of  the 
ultimate  strength  in  pure  tension,  the  baseplates  of  the  first  set 
broke  at  5.55  times  the  safe  working  load  that  they  were  de- 
signed for  according  to  the  proposed  theory,  and  the  baseplates 
of  the  second  set  broke  at  8.38  times  the  safe  working  load.  The 
difference  in  these  factors  of  safety  is  due  to  the  difiference  in 
quality  of  the  cast  iron.  The  values  of  these  factors  of  safety 
lie  within  the  safe  limits  of  general  engineering  practice  and 
therefore  the  theory  and  method  of  design  is  established  and 
its  correctness  proved. 

Since  all  the  baseplates  of  the  second  set  possessed  the  same 
strength  and  area,  it  is  evident  that  a  comparison  can  easily  be 
made  between  the  nine  dififerent  types  so  as  to  determine  which 
type  most  closely  conforms  to  "the  second  fundamental  principle 
of  engineering  design,"  that  of  economy.  By  inspection  of  Table 
II,  it  is  seen  that  the  eight-ribbed  baseplate  is  far  more  econom- 
ical in  the  use  of  material  than  is  the  four-ribbed  one,  since  its 
average  weight  is  122  lbs.  as  compared  with  167  lbs.  Because  of 
the  greater  variability  of  the  square  type  of  baseplate,  both  in 
weight  and  strength  as  compared  w^ith  the  circular  or  octagonal 
form,  it  seems  to  be  the  most  objectionable  and  inconsistent.  Be- 
tween the  remaining  three  eight-ribbed  baseplates  there  is  little 
choice.  But  it  is  believed  that  as  the  square  approaches  the  oc- 
tagon and  then  the  circle  as  a  limit,  that  the  circular  is  the  most 
consistent  and  its  rank  among  both  the  eight  and  four-ribbed 
baseplates  makes  it  the  most  representative.  The  ribbed  base- 
plate can  also  be  compared  very  favorably  with  the   plain  base- 
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plate  both  as  to  stability  and  economy  of  material. 

By  an  inspection  of  the  column  in  Table  II  containing  the 
values  of  "d-j-h,"  it  is  seen  that  the  total  height  of  the  baseplate 
is  nearly  uniform  for  all  of  the  nine  types  for  the  same  load.  This 
seems  to  be  consistent.  The  variation  in  weight  between  the 
various  types  is  then  due  to  the  position  of  the  metal,  that  in 
the  lighter  baseplates  being  placed  in  the  more  advantageous 
position,  the  ribs,  and  in  the  heavier  ones  in  the  plate. 

For  the  purpose  of  making  a  comparison  of  baseplates  de- 
signed according  to  these  theoretical  formulas,  with  those  as  us- 
ually designed  by  "rules  of  thumb,"  a  series  of  baseplates  varying 
in  area  from  lOO  sq.  ins.  to  i,6oo  sq.  ins.  were  designed  for 
the  maximum  pressure  per  sq.  in.  on  the  foundation  allowed 
by  the  Chicago  building  ordinances,  173.6  lbs.  per  sq.  in.  or 
12^-^  tons  per  sq.  ft.  The  type  chosen  was  the  circular  eight 
ribbed  baseplate.  The  dimension  T  was  made  equal  to  D,  as  in 
every  case  the  thickness  of  the  metal  in  the  hub,  whose  diameter 
is  made  equal  to  the  diameter  of  the  column  supported,  is  greater 
than  the  thickness  of  the  metal  in  the  column  if  the  column  is 
of  cast  iron,  and  is  more  than  suflficient  to  carry  the  load  on  the 
column  whether  the  column  is  of  cast  iron  or  steel. 

With  these  assumptions  there  remains  to  be  determined  only 
the  special  values  of  P,  b,  d,  and  h.  The  diameter  of  the  base- 
plate B  can  be  at  once  determined  for  each  baseplate  from  its 
area  and  P,  the  safe  working  load  that  each  baseplate  can  carry, 
is  equal  to  the  area  times  the  maximum  permissible  pressure 
per  sq.  in.  ^=  T73-6  A^.  By  substitution  in  the  general  formula 
for  d,  d  =  o.  1863  lo  where  1  is  measured  from  each  plate. 

But  1  =  b  X  cos  673/^^   =  0.3827b. 

Therefore  d  =  0.0713  b.  for  this  pressure  per  sq.  in. 

The   value   of  H   must  be   again   obtained   by  the   "cut   and 

I  apl  al 

try"  method  where  the  required  —  must   equal  ^=  

c         _  s  14.4 

where  a  =  ^/^  A  and  1  =  0.212  b  for  a  circular  baseplate. 

I 
or  Reg  —  =:  0.00578  b^ 
c 

It  is  hoped  that  further  investigation  will  develop  a  shorter 
theoretical  formula  for  H  which  will  obviate  the  necessity  of  ob- 
taining this  value  by  the  "cut  and  try"  method.  But  4h  =:  b  —  2d 
-I-  J4"  is  a  reasonable  empirical  formula  that  will  give  accurate 
values  of  H  within  two-tenths  of  one  per  cent,  for  this  range  of 
sizes. 

An  inspection  of  the  columns  of  Table  III,  containing  the 
dimensions   of  these  commercial   specimens,   afifords   some   inter- 
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P  =  121/^  tons— sq.  ft.        TABLE    III.  t  =  d 

CIRCULAR  8-RIBBED  BASEPLATE. 


Area 

Safe 

Diameter 

Thickness 

Height 

Total 

of  Plate 

Load 

of 

of 

of 

Height 

in 

in 

Plate,  b 

Plate,  d 

Rib,  h 

d  +  h 

sq.  ins. 

pounds 

ins. 

ins. 

ins. 

ins. 

100 

17  360 

11.250 

0.812 

2.500 

3.312 

200 

34  720 

16.000 

1.125 

3.500 

4.625 

300 

52  080 

19.625 

1.375 

4.250 

5.625 

400 

69  440 

22.625 

1.625 

4.875 

6.500 

500 

86  800 

25.250 

1.875 

5.500 

7.375 

600 

104  170 

27.625 

2.000 

6.000 

8.000 

700 

121  530 

29.875 

2.125 

6.500 

8.625 

800 

138  890 

32.000 

2.250 

7.000 

9.250 

900 

156  250 

33.875 

2.375 

7.374 

9.750 

1000 

173  610 

35.750 

2.500 

7.875 

10.375 

1100 

190  970 

37.500 

2.625 

8.250 

10.875 

1200 

208  330 

39.125 

2.750 

8.500 

11.250 

1300 

225  690 

40.875 

2.875 

8.875 

11.750 

1400 

243  050 

42.250 

3.000 

9.125 

12.125 

1500 

260  410 

43.750 

3.125 

9.500 

12.625 

1600 

277  780 

45.125 

3.250 

9.750 

13.000 

esting  conclusions.  The  baseplates  vary  in  size  from  loo  to  i,6oo 
sq.  ins.  in  area  and  their  diameter  from  ii^  to  45  inches  in 
length,  thus  including  within  this  range  most  of  the  sizes  com- 
monly found  in  practice.  Their  safe  loads  vary  from  17,400  to 
278,000  pounds  or  8.7  to  139.0  tons.  The  maximum  thickness 
of  metal  is  3^  inches  and  the  total  height  of  each  baseplate,  d-f  h, 

2 
always  equals  —  of  its  diameter.     It  must  be  remembered  that 

7 
the  above  short  formulas  and  designs  apply  to  only  the  circular 
eight  ribbed  baseplates  when  p  equals   123^   tons   per   sq.   ft.   or 
173.6  pounds  per  sq.  in. 

Further  investigations  are  being  made  and  will  be  published 
later  in  the  form  of  a  bulletin  of  the  Engineering  Experiment 
Station  of  the  University  of  Illinois. 
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DESIGN  FOR  A  REINFORCED  CONCRETE  DOME. 


J.  T.  Vawter,  B.  S.  '04. 

A  hasty  review  of  the  cycles  of  Architectural  history  directed 
toward  the  recurrance  of  materials,  methods  of  construction,  and 
forms  would  be  an  interesting  preface  to  a  consideration  of  con- 
crete domes,  but  the  space  allotted  this  article  prohibits  more 
than  the  mere  suggestion  that  the  historical  helix  is  of  small 
pitch  and  after  a  turn  of  nineteen  centuries  we  find  ourselves 
hardly  above  the  Romans  in  attempting  the  problems  which  they 
solved  in  very  much  the  same  form  and  material. 

Parallel  with  the  development  of  reinforced  concrete  con- 
struction, although  as  yet  almost  independent,  the  dome  form 
as  a  covering  for  large  open  floor  spaces,  as  well  as  a  noble 
element  of  composition  is  again  growing  in  favor.  The  popular 
form,  which  is  that  of  a  flat  spherical  segment,  is  not  the  result 
of  the  adaptability  of  any  particular  material,  since  the  last  decade 
has  seen  it  constructed  of  every  material  from  marble  to  sheet 
iron,  and  even  paper ;  nevertheless  the  form  is  one  which  lends  it- 
self admirably  to  concrete  construction. 

TABLE  I. 
UNITS  STRESSES  IN  SHELL. 


POINT 


Comp.  lbs. 

per  □  In. 

Shear  lbs 

per  D  in. 


1 

155 

2 

3 

4 

5 

5 

7 

8 

9 

10 

11 

54 

38 

31 

26 

25 

25 

25 

25 

26 

26. 

4 

5 

6 

7 

8 

10 

10 

40 

10 

10 

9 

Comparatively  little  has  been  written  on  the  distribution  and 
magnitude  of  stresses  in  masonry  domes,  and  nothing  of  a  scien- 
tific nature  on  those  domes  whose  shells  are  too  thin  to  contain 
the  line  of  pressure  as  determined  by  the  gravity  method.  Mr. 
Guastavino  seems  to  be  the  only  man,  in  this  country  at  least,  who 
has  given  the  subject  serious  consideration.  He  has  given  us 
a  very  interesting  little  book  on  the  subject,  but  unfortunately 
he  has  confined  himself  to  a  particular  material,  namely,  flat  tile 
laid  in  cement  or  plaster,  which  he  has  found  by  experience  de- 
velops sufftcient  tensile  and  shearing  strength  to  withstand  the 
bulging  and  flexural  stresses.  As  to  the  magnitude  and  distri- 
bution of  those  stresses,  however,  he  gives  us  no  information 
and  contents  himself  with  what  he  seems  to  regard  as  the  limit- 
ing element  of  his  design,  the  gradually  increasing  compression 


Vawter — Concrete  Domes. 


115 


from  crown  to  base.  Whether  or  not  this  assumption  is  correct 
is  far  from  the  province  of  this  article  to  decide,  although  evi- 
dence might  be  offered  on  both  sides. 

If  we  consider  a  section  of  a  hemispherical  dome  shell,  com- 
prehended between  two  meridian  planes,  making  a  small  angle 
with  each  other,  and  resolve  the  forces  due  to  its  dead  weight 
at  successive  points  into  two  systems,  one  tangential  and  con- 
stantly changing  direction,  and  the  other  horizontal,  we  feel  con- 
vinced of  the  existence  of  a  system  of  bulging  stresses  (Fig.  2) 
which  depend  for  their  resistance,  either  directly,  or  indirectly  by 
flexure,  upon  the  tensile  strength  of  the  material.  On  the  other 
hand  if  we  consider  any  particular  point  on  as  many  separate, 
symmetrically  loaded  arches  of  varying  span  and  radii  as  could 
be  cut  by  planes  of  great  and  small  circles  of  the  sphere  passing 
through  it,  and  consider  that  the  haunches  of  one  may  become 
the  crown  of  another,  our  imagination  is  taxed  to  a  point  of  un- 
certainty regarding  the  bulging  stresses  particularly  in  the  upper 
zones,  and  we  might  be  led  to  believe  that  they  neutralize  each 
other  to  a  far  greater  extent  than  is  indicated  by  our  stress 
diagram. 

TABLE  II. 


DISTRIBUTION  OF  WIND  LOADS. 

PER  SQ.  FT. 


PRESSURE  40  LBS. 


POINT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

" 

12 

Angle 

6° 

12° 

m" 

25° 

32° 

38° 

45° 

51° 

57° 

63° 

70° 

76° 

Normal  lbs- 

6.9 

15. 

22. 

28. 

33. 

35. 

37. 

38. 

39. 

39.7 

39.9 

40. 

Area  □  ft. 

1.45 

4.49 

7.43 

10.27 

13.14 

15.91 

18.33 

20.58 

22.55 

24.11 

25.46 

26.50 

Load 

9.6 

66. 

162. 

285. 

429. 

560. 

666. 

760. 

856. 

936. 

975. 

1040, 

Whether  or  not  Mr.  Guastavino  has  solved  the  problem  of 
the  stresses  in  thin  shelled  domes  is  of  far  less  importance  than 
the  fact  that  he  has  left  us  living  examples  of  domes  of  large 
span  with  extremely  thin  shells  whose  lines  of  pressure  if  drawn 
by  the  gravity  method  would  fall  far  outside  the  dome  itself  to 
sav  nothing  of  the  prescribed  middle  third.  And  still  they  stand  as  elo- 
quent examples  of  economy  in  material  and  weight  without  the 
assistance  of  metal  reinforcement. 

These  structures,  together  with  three  or  four  reinforced  con- 
crete domes  in  this  country,  are  also  eloquent  in  calling  our  at- 
tention to  the  condition  that  in  engineering  work  of  small  cost 


116 


The  Technograph. 


intuition  and  rules  of  thumb  as  well  as  ignorance  and  foolhardi- 
ness  in  varying  degrees  are  always  in  advance  of  scientific 
knowledge.  That  is,  problems  like  the  one  presented  here  usually 
fall  first  to  men  of  small  education  and  experience,  and  science 
afterward  approves  or  condemns.  These  facts  are  mentioned  here 
only  to  call  attention  to  what  is  believed  by  the  writer  to  be  a 
broad  open  field  for  investigations. 

TABLE  III. 
HORIZONTAL  REINFORCEIMENT. 


h 

X   0)— . 

Sc/3  (3! 

d 

6 

01 

< 

01 

(U 

s: 
o 

o    . 
■"■a 

ail 

si 

5 

(u\< 

in 

a  . 

Mp-H 

0)  <u 

01  o 

t/25 

■6 

f— «  m 

a;P 

o  =« 

S.1 

HORIZONTAL    RING 
REINFORCEMENT 

0 

a 

K 

u 

< 

■?it  inch  from 
Extrados 

?i  inch  from 
Intrados 

1 

- 

2@^"DTwstdBars 

4@%a -TwstdBars 

2 

- 

3(a;-:'8'DT\vstd  Bars 

do 

3 

- 

2@}i\  TwstdBars 

do 

4 

- 

do 

do 

5 

- 

do 

do 

6 

- 

do 

do 

7 

+  60 

2639 

492 

.023 

6. 

246 

.020 

3@?8"D  TwstdBars 

do 

8 

+380 

2963 

552 

.13 

36. 

1479 

.112 

•       do 

3®^  "D  TwstdBars 

9 

+600 

3247 

602 

.19 

58. 

2378 

.176 

4@'/2"oTwstd  Bars 

do 

10 

+1020 

3471 

658 

30 

99. 

4059 

.292 

do 

do 

11 

+1400 

3666 

684 

.40 

137 

5617 

.40 

do 

do 

12 

+1700 

3816 

712 

.45 

160. 

6560 

.48 

do 

do 

Bottom 

2600 

93 

724 

3.6 

1303 



.40 

2@M'DTwstd  Bars 

2®K'DTwstd  Bars 

The  designer  in  this  case  is  fully  aware  that  he  has  not 
analyzed  the  stresses  of  the  dome  as  they  are  actually  distributed, 
but  it  is  believed  that  the  design  is  safe,  practical,  and  compar- 
atively economical. 

The  problem  of  which  this  design  is  the  result,  was  to  cover 
with  a  dome  the  intersection  of  a  church  located  in  Fresno,  Cal- 


Varvter — Concrete   Domes. 


17 


c       A 


Load ^  Press ure- ,       \ 
and  Thrust  C^urve^. 


ng.3   Vertical    Projection  of  Vertical  P.einforcemenf: 


FiG^'^Morixontaf  Project/on  o^  Verhcal  ^einPorcerrjen^, 


1  I  8  The  Technograph. 

iloniia.  The  church  was  of  reinforced  concrete  throughout  and 
it  was  desired  to  make  the  dome  of  the  same  material.  The  plan 
of  the  intersection  was  an  octagon,  sixty  feet  in  diameter,  the 
length  of  the  radius  of  the  dome  was  about  31  feet,  the  center 
having  been  dropped  about  nine  feet  below  the  springing.  Pre- 
caution was  taken  against  damage  due  to  thermal  stresses  and 
sesniic  vibrations  both  of  which  were  claiming  considerable  attention 
in  that  localitv  at  the  time.  The  last  two  considerations  gave  rise  to 
the  idea  of  disconnecting  the  dome  shell  from  the  supporting 
structure  entirely,  as  will  be  noted  in  detail  later. 

A  minimum  thickness  of  4"  was  advised  by  a  practical  con- 
crete worker  as  being  the  thinest  section  to  be  trusted  even  in 
I  :2 :3  concrete,  owing  to  difficulties  of  construction  and  irreg- 
ularities of  materials.  The  maximum  thickness  of  6"  was  an  in- 
tuitive element  of  the  design,  and  how  well  the  assumed  section 
fitted  the  span  may  be  decided  by  a  consideration  of  the  table 
of  unit  stresses — Table  I. 

The  increased  thickness  of  the  base  seems  unwarranted  by 
these  figures,  except  'probablv  to  develop  the  increased  amount 
of  reinforcement  in  the  lower  part,  and  the  thickness  of  4"  for 
the  crown  seems  unnecessarily  heavy.  In  this  case  however  it 
seemed  wise  to  consider  the  advice  of  the  experienced  builder. 
A  tentative  stress  diagram  was  therefore  made  on  the  basis  of 
the  above  dimensions,  and  after  some  deliberation  the  tentative 
diagram  became  the  final. 

The  first  point  taken  up  in  the  solution  of  the  problem  was 
the  determination  of  the  loads.  Since  snow  is  unknown  in  this 
locality,  and  the  wind  stresses  were  treated  separately,  the  dead 
weight  of  the  structure  itself  was  the  only  consideration. 

A  section  of  the  dome  cut  by  two  meridian  planes,  making 
an  angle  of  15  degrees  with  each  other,  was  developed  graphic- 
ally and  divided  into  twelve  parts  of  equal  length,  but  with  con- 
stantly diminishing  area  and  volume  from  base  to  crown.  The 
weights  of  these  twelve  parts  were  calculated  and  laid  off  to  scale 
on  the  load  line  of  the  stress  diagram  (Fig.  i).  The  reaction 
AB  is  assumed  vertical.  The  weight  of  the  dome  which  it  is  to 
resist  is  assumed  to  be  tangent  to  the  dome  at  point  12.  These 
two  forces,  AR  and  BC,  are  evidently  not  in  equilibrium,  but 
require  a  horizontal  force  CA  to  complete  the  polygon.  This 
horizontal  force  is  the  total  outward  thrust  on  the  entire  area  of 

F 
section   12.     The  mean  unit  pressure  is  P  =  — .     If  we  wish  to 

A 
resist   this   thrust   entirely  by   horizontal   rings   of  reinforcement, 
we  may  find  the  magnitude  of  the  stress  in  a  zone  i"  high  passing 
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through  point  12  by  the  formula  T  =  P  — -,  which  is  the  formula 

2 
for  tension  in  hollow  cylinders  subject  to  internal  pressure,  see 
Table  III.  The  same  operation  is  repeated  for  points  11,  10. 
9,  and  8,  the  horizontal  stresses  becoming  smaller  and  smaller 
until  between  points  8  and  7,  our  thrust  curve  crosses  the  pres- 
sure line  and  becomes  negative.  (See  Fig.  2).  From  this  point 
to  the  crown  the  horizontal  stresses  represented  by  the  stress 
diagram  are  only  taken  as  criteria  upon  which  to  base  judgment 
and  modify  intuition,  since  it  is  believed  that  the  actual  stresses 
are  indeterminate ;  distributing  themselves  through  an  infinite 
number  of  arches  and  at  the  same  time  probably  producing  flex- 
ure as  in  slabs  of  small  span. 

The  stresses  due  to  wind  ])ressure.  were  next  taken  up. 
Table  II,  which  explains  itself  as  the  normal  wind  loads  on  the 
dome,  may  be  considered  as  applying  both  horizontally  and  ver- 
tically— that  is,  the  normal  wind  load  at  any  point  might  be 
represented  by  that  part  of  a  radius  of  the  sphere  extended  and 
comprehended  between  the  inner  and  outer  surfaces  of  the  solid 


Ti^.S. 


wjre  mesh 


(Fig  5.)  The  meridian  plane  which  divides  this  solid  into  two 
equal  parts,  was  the  one  considered,  as  it  evidently  contained  the 
maximum  forces.  Here  again  the  diagram  for  the  stresses  on 
the  windward  side  was  considered  of  little  value,  but  the  resultant 
of  the  wind  pressures  produced  bulging  stresses  on  the  leeward 
side,  the  nature  of  which  it  was  thought  best  to  look  into.  A 
study  of  the  reinforcement  (Table  III)  shows  the  result  of  the 
investigation.  It  will  be  noticed  in  this  table  and  also  in  the 
diagrams  of  vertical  reinforcement,  that  considerable  more  steel 
was  used  than  the  stresses  seem  to  warrant.  This  may  be  ex- 
plained as  a  means  of  accomplishing  three  things  beside  taking 
care  of  the  stresses  an  indicated  by  the  stress  diagrams. 

First.  To  form  a  network  of  reinforcement  which  would 
tend  to  collect  those  indeterminate  stresses  in  the  shell,  and  re- 
solve them  along  lines  which  have  been  investigated  and  provided 
with  sufficient  reinforcement. 

Second.     To   bind   the   shell   together   in   a   monolithic   unit, 
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bridging"  over  the  inequalities  of  stress  and  strength  of  material, 
and 

Third.  To  supply  the  needed  resistance  to  thermal  stresses. 
Referring  to  Table  III,  the  horizontal  reinforcement  near  the  ex- 
trados  of  sections  i,  2,  4,  5,  and  6,  and  that  near  the  intrados  of 
sections  8,  9,  10,  11,  and  12  is  provided  solely  to  accomplish  the 
three  purposes  above  mentioned.  All  other  bars  are  expected 
to  act  in  this  capacity  in  addition  to  the  especial  purposes  men- 
tioned below. 

The  }i"  bars  in  section  2  aside  from  this,  serve  in  connection 
with  vertical  rods  No.  3.  (Figs.,  3  and  4),  to  resist  the  bulging 
stress  on  the  leeward  side  due  to  wind  loads.  The  horizontal 
rods  near  the  intrados  in  sections  i  to  8  in  connection  with 
vertical  rods  No.  i  are  designed  to  resist  those  stresses  due  to 
dead  weight  and  windward  wind  previously  spoken  of  as  pro- 
ducing flexure  as  in  slabs.  Those  rods  near  the  extrados  in  sec- 
tions 7  to  12,  in  connection  with  vertical  rods  No.  5  and  2,  resist 
the  bulging  stresses ;  while  vertical  rods  No.  4  might  be  called 
into  action  on  the  windward  side  by  flexure  due  to  wind.  The 
four  heavy  rods  in  the  bottom  were  a  precaution  against  thermal 
stresses,  or  damage  resulting  from  settlehient  or  deformation  of 
the  supporting  structure.  They  were  surrounded  with  wire  mesh 
to  avoid  chipping.  The  whole  dome  rested  on  a  smooth  joint 
made  of  two  sheets  of  thin  lead,  allowing  it  to  expand  and  con- 
tract freely  along  radii  of  the  plane  of  the  base,  but  provided  with 
six  notches  also  radial,  which  prevent  any  chance  of  dislodge- 
ment.     (See  Fig.  6.) 

The  design  of  the  forms  was  a  very  interesting  part  of  the 
work  but  cannot  be  described  in  detail.  The  inside  form  which 
was  supported  from  the  ground,  was  built  in  the  usual  way,  of 
joints  and  of  J^  inch  stufif,  and  staid  with  cross  members  of  wire. 
It  was  covered  outside  with  rosin  sized  paper  and  provided  with 
an  eight  foot  opening  in  the  top,  through  which  the  material  was 
hoisted.  The  inside  of  the  outside  form  was  a  cylindrical  surface 
of  sheet  iron  about  3'x25'  in  size  with  a  radius  equal  to  that  of 
the  extrados.  This  surface  was  backed  by  i"  lumber,  which  in 
turn  was  supported  by  a  rigid  frame  of  joists.  The  form  was  hung 
by  a  chain  at  its  center  of  gravity  from  a  boom  swung  from  a 
mast  on  the  material  hoist. 

Owing  to  the  drvness  of  the  climate,  the  ample  ventilation 
in  the  top  of  the  dome,  and  the  precaution  taken  in  waterproofing 
the  shell,  no  trouble  was  anticipated  either  from  moisture  with- 
out or  condensation  within,  and  the  decorations  were  designed 
to  be  applied  directly  to  the  inside  of  the  dome. 
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Wasteful  methods  have  had  their  day.  The  utihzation  of 
the  odds  and  ends  in  bv-products  has  become  a  recognized  feature 
of  all  industry.  The  same  idea  is  now  being  applied  to  nature 
and  especially  to  the  timber  resources.  The  increased  use  of 
cement  which  has  attracted  attention  on  every  hand,  and  the 
steel  framed  sky  scraper  wliich  uses  large  quantities  of  fire 
proofing  materials  have  not  decreased  the  demand  upon  the 
forests. 

Timber  values  have  increased  so  rapidly  during  the  last  four 
years,  and  the  better  woods  have  become  so  scarce  that  they  must 
be  replaced  by  cheaper  and  more  abundant  ones.  In  order  to 
bring  about  a  more  extended  use  of  the  cheaper  woods  the  For- 
est Service  has  established  a  very  effective  experiment  station. 
The  results  of  previous  experiments  point  to  the  necessity  of  the 
use  of  some  preservative  treatment  of  the  inferior  woods. 

The  practice  of  preserving  timber  by  impregnating  it  with 
antiseptics  is  spreading  rapidly  in  the  United  States  and  is  rec- 
ognized by  both  engineers  and  business  men.  The  preservative 
treatment  of  railroad  ties  and  piling  has  been  practiced  for  a 
number  of  years  and  the  treatment  of  mine  timbers,  posts,  and 
telephone  and  telegraph  poles  has  met  with  an  enormous  recent 
development.  From  time  to  time  experiments  have  been  con- 
ducted by  various  telephone,  telegraph,  and  railroad  companies, 
but  either  the  treatment  was  faultv  or  insufficient  records  were 
kept,  and,  as  a  result,  neither  reliable  data  nor  satisfactory  conclu- 
sions were  available.  That  treated  wood  is  more  durable  than 
green  wood  in  contact  with  the  ground  is  generally  admitted,  but 
the  many  conflicting  statements  as  to  the  value  of  a  preserva- 
tive treatment  caused  the  Forest  Service  to  determine  what  treat- 
ments are  most  effective  and  what  expense  for  treatment  is  justi- 
fied by  the  resulting  increased  service.  .  Most  of  the  processes  in 
general  use  require  elaborate  and  expensive  plants,  consisting  of 
closed  retorts  capable  of  withstanding  high  pressures,  of  vacuum 
and  pressure  pumps,  steam  boilers,  and  fittings.  The  interest  on 
the  investment  and  the  cost  of  operating  make  it  impracticable 
in  most  cases  to  use  such  plants  for  the  treatment  of  timbers 
which  are  required  in  large  quantities  and  at  comparatively  low 
cost. 

The  great  demand  for  some  cheap  and  simple  process  of 
wood  preservation  gave  rise  to  the  open-tank  method  originated 
by  the  Forest  Service.  Its  general  adoption  will  largely  increase 
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the  amount  of  timber  artificially  preserved  and  so  result  in  a 
great  saving  of  the  timber  supply.  It  will  insure  a  more  com- 
plete utilization  of  the  forest  products,  and  encourage  the  use  of 
quick  decaying  woods,  instead  of  the  less  abundant  high  grade 
woods.  The  open-tank  method  is  based  upon  the  use  of  an  open- 
tank,  capable  of  withstanding  heat,  and  equipped  with  steam  coils. 
Plate  I. 

The  preservative,  usually  creosote,  is  run  into  the  tank  to 
cover  the  portion  of  the  timber  which  is  to  be  treated,  and  the 
temperature  of  the  liquid  is  then  raised  slightly  above  the  boiling 
point  of  Water,  230°  F.  This  temperature  is  maintained  for  a 
length  of  time  depending  upon  the  character  of  the  wood  and  the 
treatment  desired.  At  the  completion  of  the  hot  bath  the  timber 
is  either  quickly  transferred  to  another  tank,  conaining  a  cold 
preservative  in  which  it  is  submerged  for  a  definite  period  of  time, 
or  else  the  heat  is  shut  off,  and  the  timber  allowed  to  remain 
in  the  cooling  liquid. 

The  theory  of  the  open  tank  process,  as  explained  in  Forestry 
Circular  No.  loi,  may  be  given  in  a  few  words.  The  heat  of  the 
preservative  expands  and  expels  a  portion  of  the  air  and  water 
contained  in  the  cellular  and  inter-cellular  spaces  of  the  wood 
tissue,  and  as  the  preservative  cools  there  is  a  contraction  and 
condensation  of  the  air  and  water  which  remain.  To  destroy  the 
partial  vacuum  thus  formed  the  liquid  is  forced  by  atmospheric 
pressure  into  the  cellular  and  intej-cellular  spaces,  a  process  aided, 
of  course  by  capillary  attraction.  In  point  of  fact,  therefore,  the 
hot  bath  merely  prepares  the  wood"  for  absorbing  the  preserva- 
tive, and  the  actual  impregnation  follows  as  the  preservative  cools. 

The  ease  and  effectiveness  with  which  timber  can  be  treated 
by  this  process  depend  upon  the  kind  of  wood  and  its  degree 
of  dryness.  In  one  species  the  structure  of  the  wood  tissues 
may  resist,  and  in  another  favor,  the  expulsion  of  air  and  water 
during  the  hot  bath ;  in  seasoned  timber,  air,  and  in  green  timber, 
water,  is  the  chief  element  to  be  removed  before  the  wood  can 
be  treated,  and  since  air  may  be  expelled  much  more  easily  than 
water,  seasoned  timber  is  the  more  successfully  treated. 

Recent  experiments  of  the  Forest  Service  have  demonstrated 
the  open-tank  method  to  be  applicable' to  the  treatment  of  fence 
posts,  piling,  and  mine  timbers.  In  conducting  these  tests  the 
Forest  Service  secured  the  hearty  co-operation  of  companies  con- 
cerned with  the  timber  supply.  The  Southern  Bell  Company  set 
six  hundred  open-tank  treated  poles  in  a  portion  of  a  toll  line 
near  Savannah,  Georgia.  This  region  was  selected  primarily  be- 
cause of  the  rapidity  with  which  timber  decays  there.  The  Amer- 
ican Telephone  and  Telegraph  Company  set  open-tank  treated 
poles  along  a  line  in  the  vicinity  of  Buffalo,  N.  Y.,  which  runs 
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through  a  varied  country  and  allows  an  excellent  opportunity  to 
study  the  effects  of  various  soils  on  the  life  of  timber.  Great  care 
was  exercised  with  all  details  of  the  seasoning,  treating-,  and  set- 
ting of  the  poles  in  each  line  and  the  nature  of  the  soil,  so  that 
the  results  should  add  much  to  future  knowledge  of  the  season- 
ing and  treatment  of  timber  by  the  open-tank  process. 

The  Forest  Service  in  co-operation  with  the  Reading  Coal 
and  Iron  Company,  planned  and  carried  on  a  series  of  experi- 
ments to  determine  the  best  methods  of  prolonging  the  life 
of  mine  timbers.  As  a  direct  result  of  these  co-operative  expert 
ments,  the  company  is  to  treat  mine  timber  on  a  more  extensive 
scale.  Plans  have  been  drawn  for  a  commercial  open-tank  wood 
preserving  plant  large  enough  to  treat  all  timbers  at  its  colliery. 

In  the  construction  of  new  track  and  for  renewals  the  rail- 
ways used,  in  nineteen  hundred  and  six,  over  one  hundred  mil- 
lion cross-ties.  Ten  per  cent,  of  the  ties  purchased  were  treated 
with  preservatives  either  before  they  were  purchased  or  at  the 
treating  plant  of  the  railroad  company.  Careful  records  are  made 
of  the  service  given  by  the  treated  ties  under  different  conditions 
and  with  the  various  methods   of  treatment. 

These  wide  ranged  experiments  under  actual  conditions  of 
service  are  being  rapidly  developed,  and  it  is  probable  that  future 
experiments  will  establish  the  open-tank  method  of.  treating  wood. 
The  saving  by  this  method  is  readily  apparent.  Not  only  is  the 
cost  of  operation  and  maintenance  slight,  but  the  cost  of  installa- 
tion is  less  than!  that  of  the  cylinder-pressure  type  of  the  same 
daily  capacity. 

When  these  tests  are  complete  the  results  will  be  published 
from  time  to  time  and  placed  at  the  disposal  of  the  public. 

The  Forest  Service  has  just  established  a  laboratory  at 
Washigton,  D.  C,  for  investigating  the  structure  of  commercially 
important  woods.  A  work  of  this  character  has  long  been  in 
demand  by  engineers,  architects,  builders,  and  other  users  of 
lumber,  who  in  these  days  of  growing  scarcity  of  the  more  valu- 
able woods  are  seriously  perplexed  in  identifying  substitutes. 
Common  woods  are  growing  scarce,  and  woods  not  often  cut 
prior  to  this  time,  are  appearing  in  the  markets.  ]\Iany  of  these 
woods  look  alike,  even  to  trained  eyes  of  lumbermen,  and  yet 
they  are  very  different  in  value  for  different  purposes,  and  it  is  of 
the  greatest  importance  to  be  able  to  distinguish  them  quickly. 

The  laboratory  has  been  established  in  order  to  meet  such 
needs.  The  structure  of  the  woods,  sections  lengthwise  and  cross- 
wise, will  be  studied  so  as  to  separate,  by  structure  alone,  the 
various  species  of  a  genus.  Analytical  keys  to  the  trees  of  each 
group  will  be  worked  out.  These  will  be  based  "on  the  arrange- 
ment  and  character  of  the  pores   discernable  to  the   naked   eye, 
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or  by  the  use  of  the  hand  lens.  The  important  groups  of  wood, 
such  as  oaks,  pines,  and  firs  will  be  studied  and  the  results  pub- 
lished separately  from  time  to  time  with  good  illustrations. 

TESTS  OF  HICKORY. 

The  enormous  resources  of  the  United  States  have  ofTered 
almost  unsurpassed  opportunities  for  industries  to  thrive,  but  dur- 
ing the  last  fifty  years  important  economic  changes  have  occurred, 
and  now  some  of  the  iiidustries  which  have  prospered  in  the  past 
have  reached  or  are  rapidly  approaching  a  point  where  they  must 
struggle  for  very  existence. 

This  is  especially  true  of  certain  industries  which  depend  upon 
the  hardwood  supply  of  the  country.  Carriage-makers  and  man- 
ufacturers of  farm  implements,  as  well  as  those  engaged  in  a 
number  of  other  industries  which  are  concerned  in  the  use  of 
hickory,  will  follow  with  interest  a  series  of  tests  of  this  valuable 
wood  about  to  begin  at  the  Forest  Service  timber-testing 
laboratory. 

The  importance  of  these  tests  lies  in  the  fact  that  they  will 
furnish  accurate  data,  on  the  relative  strength  of  the  difterent 
kinds  of  hickory,  which  is  a  wood  for  which  no  satisfactory  sub- 
stitute has  been  found.  The  hardwood  forests  of  the  northern 
section  of  the  country  are  being  rapidly  denuded  and  it  is  im- 
portant that  accurate  information  regarding  like  species  in  other 
sections  of  the  country  be  obtained. 

The  hickory  of  the  northern  states  has  always  been  consid- 
ered of  better  quality  than  that  of  the  south  and  has  been  quite 
generally  given  the  preference  by  manufacturers  and  users  of  this 
species  of  wood.  Prejudices  once  established  are  not  easily  re- 
moved and  because  of  this  fact,  the  Forest  Service  is  preparing  to 
prove  the  relative  merits  not  only  of  hickory  of  the  same  species 
obtained  in  dififerent  sections  of  the  country,  but  also  different 
species  of  hickory  grown  in  the  same  section.  It  is  intended  later 
to  extend  this  work  to  other  species  of  wood  in  the  order  of  their 
importance  to  the  manufacturing  interests  of  the  country. 

Southern  hickory  was  collected  by  a  representative  of  the 
Forest  Service  and  accurate  data  regarding  species,  growth,  and 
locality  were  taken  for  each  tree  from  which  material  was  ob- 
tained. Other  material  of  the  same  species,  to  be  selected,  will 
be  treated  in  a  like  manner  and  all  will  be  tested  for  the  purpose 
of  determining  their  strength,  stiffness,  and  suitability  for  the  pur- 
poses for  which  they  are  used.  The  strength,  stiffness,  and  other 
data  obtained  by  these  tests  will  make  possible  a  direct  com- 
parison of  the  merits  of  the  wood  as  regards  its  species  and 
localitv  of  erowth. 
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The  importance  in  this  first  series  of  tests  Hes  in  the  fact 
that  they  will  determine  just  what  species  of  hickory  are  strong- 
est. Not  until  it  is  accurately  determined  just  what  species  pro- 
duce the  strongest  timber,  will  it  be  possible  to  know  just  what 
trees  to  plant.  When  the  reports  on  the  tests  are  completed, 
information  on  the  work  will  be  gladly  given  to  all  who  write 
to  the  Forest  Service  at  Washington. 
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GYPSUM  PRODUCTS,  AND  THEIR  ARTISTIC  USES. 


N.  A.  Wells,  M.  P. 

The  use  of  g^ypsum  has  been  known  to  the  arts  since  the 
earliest  times.  It  was  used  by  the  Egyptians  as  the  finishing  coat 
to  cover  the  masonry  of  most  of  their  temples,  both  inside  and 
outside.  It  served  as  a  white  ground  for  their  incised  hiero- 
glyphics and  ornaments.  It  is  the  base  of  the  stucco  ornament 
which  decorates  the  Alhambra  and  many  other  Mohammedan 
structures  throughout  the  Orient,  and  is  in  quite  as  common  use 
today  as  in  the  most  glorious  epoch  of  Saracenic  supremacy. 

Gypsum  has  the  great  advantage  of  being  cheap,  easy  to 
cast,  mould,  or  carve ;  of  a  pure  and  even  whiteness  that  readily 
takes  any  coloring  matter  without  danger  of  chemical  disintegra- 
tion. It  may  be  colored  upon  its  surface  or  throughout  its  body. 
The  fact  of  its  swelling  very  slightly  upon  setting  causes  it  to  re- 
produce with  perfect  fidelity  the  minutest  details  of  surface 
texture  in  the  making  of  moulds  from  natural  objects  or  works 
of  art. 

Its  disadvantages  are  its  friability  and  ready  disintegration 
under  the  action  of  water,  dampness,  high  and  low  temperature. 
Its  great  porosity  renders  it  arid  of  moisture  and  its  surface  is 
easily  soiled  by  dust  or  contact..  This  texture  also  makes  it 
opaque  in  color,  entirely  lacking  the  lustre  and  translucency  of 
marbles.  Without  some  surface  treatment  its  color  always  re- 
mains chalky  and  lifeless.  Its  many  great  advantages,  however, 
have  always  made  it  a  most  desirable  and  valuable  material  in  the 
arts,  and  have  inspired  much  inventive  genius  in  the  effort  to 
overcome  its  serious   disadvantages. 

The  best  collection  of  published  formulae  and  technical 
methods  now  employed  in  the  working  of  gypsum  are  to  be  found 
in  William  Millar's  book  upon  "Plastering,  Plain  and  Decorated," 
published  by  Batsford  of  London.  In  it  one  will  find  not  only 
some  historical  account  of  the  material,  but  careful  and  detailed 
directions  for  its  employment  in  the  arts.  There  is  an  appendix 
containing  formulae  of  quantities  to  be  employed  for  various  kinds 
of  work,  together  with  many  of  the  most  valuable  recipes  for 
treating  the  gypsum  chemically  and  mechanically  in  order  to 
overcome  or  correct  its  disadvantages  of  friability  and  porosity. 
These  difificulties  arise  out  of  the  nature  of  its  chemical  constitu- 
ents and  their  mode  of  combining,  and  the  ease  with  which  this 
combination   is   aflfected   by  temperature   and   moisture. 

Gypsum,  the  hydrated  sulphite  of  lime  (Ca  SO4  2H2O)  is  of 
frequent  occurrence  in  various  rock  formations,  especially  in  the 
Tertiary   deposits.     It   is   found  the  world   over.     In   its   natural 
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slate  it  is  known  under  the  names  of  selenite,  a  transparent  cry- 
stal ;  or  satin  spar,  a  fibrous  opalescent  rock ;  and  as  alabaster 
when  it  occurs  in  large  rock  masses  of  milky  white  or  gray  color. 
It  was  this  form  of  gypsum  which  was  so  much  used  by  the  ancient 
Assyrians  for  the  bas-relief  sculptures  of  their  palaces.  One  of 
the  finest  deposits  of  white  alabaster  is  found  in  Italy  near  the 
city  of  Leghorn.  Gypsum  is  also  found  in  large  quantities  in 
Nova  Scotia,  New  York,  Virginia  and  Michigan.  It  finds  its  great- 
est use  as  a  plaster,  which  is  produced  by. burning  the  crude  rock 
in  kilns  at  a  temperature  of  about  250°  Far.,  after  which  it  is 
ground  to  a  powder.  It  has  acquired  the  name  of  "Plaster-Paris" 
from  the  large  and  excellent  deposits  around  the  city  of  Paris, 
France,  where  it  came  to  be  of  very  general  use  as  early  as  the 
seventeenth  century. 

It  owes  its  valuable  property  as  a  cement  to  the  fact  that  the 
water  driven  off  by  the  heat  of  burning  is  readily  re-absorbed  by 
the  dehydrated  powder,  becoming  a  fluid  paste  which  admits  of 
being  poured  into  moulds  where  it  soon  hardens,  or  "sets."  The 
fact,  however,  of  its  friability  and  that  it  so  readily  disintegrates 
under  the  action  of  water  makes  it  a  poor  material  for  situations 
in  w^hich  it  must  be  exposed  to  the  weather  or  subjected  to  any 
wear  from  possible  abrasion. 

If  these  weaknesses  of  the  material  could  be  overcome, 
"Plaster-of-Paris"  would  then  become  one  of  the  most  useful 
materials  known  to  the  arts.  Among  the  most  successful  efforts 
yet  attempted  are  those  which  have  resulted  in  the  production 
that  is  known  as  "Keene's  Cement,"  an  English  product,  and  "Ad- 
amant Plaster,"  the  result  of  an  American  invention.  Keene's 
Cement  is  produced  by  plunging  hot  calcined  gypsum  into  a 
strong  solution  of  alum,  and  then  drying  and  recalcining  and 
grinding  to  a  powder,  which  sets  more  slowly  than  ordinary 
plaster-paris  and  with  a  much  greater  hardness.  This  makes  it 
a  very  good  and  suitable  material  for  interior  wainscotings,  door 
casings,  panelings,  etc.,  but  it  is  not  sufficiently  insoluble  to  with- 
stand the  weather.  The  same  is  true  of  Adamant,  whose  fab- 
rication is  jealously  guarded  as  a  trade  secret,  but  which  is  plas- 
ter-paris treated  chemically, — it  may  well  be  with  borax  in  place 
of  alum,  since  this  will  harden  plaster  in  much  the  same  way  as 
does  alum. 

The  waiter  has  tried  many  experiments  with  both  of  these 
substances  and  with  varying  success,  in  an  efifort  to  produce  a 
material  which  shall  be  more  economical  and  at  the  same  time  more 
facile  to  work  with  than  glass  and  ceramic  enamels  in  the  execu- 
tion of  interior  mosaic  wall  decorations. 

For  many  years  the  Vatican  at  Rome  maintained  a  manu- 
factory of  ceramic  enamel  to  supply  the  demand  for  pictorial  and 
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ornamental  mosaics,  prmiarily  in  the  church  of  St.  Peter's  at 
Rome,  and  in  the  more  costly  churches  of  Europe.  Owing,  how- 
ever, to  the  cost  and  difificvilty  of  working,  this  enterprise  was 
recently  abandoned.  There  are  factories  in  Venice,  however, 
which  still  produce  this  kind  of  work.  The  Tififanys  and  the 
Lambs  of  New  York,  are  the  two  firms  in  this  country  most 
widely  known  for  their  glass  mosaics.  In  a  conversation  not  long 
since,  the  writer  was  assured  by  Mr.  F.  S.  Lamb,  one  of  our 
experienced  American  artist  decorators,  that  the  old  process  of. 
glass  mosaics  is  too  slow  and  costly  in  both  time  and  materials  to 
ever  come  into  any  general  use  in  an  age  of  hurry  and  high 
wages  like  the  present. 

Not  being  willing  to  relinquish  the  much  desired  qualities  of 
glorious  color,  precious  texture,  and  monumental  durability  which 
characterize  the  technical  process  of  mosaic  painting,  the  writer 
has  continued  a  series  of  experiments  in  an  endeavor  to  secure 
as  far  as  possible  the  above  mentioned  qualities  and  at  the  same 
time  eliminate  that  in  the  process  which  makes  it  both  slow  and 
difficuh. 

As  a  material,  glass  is  both  hard  and  brilliant,  as  well  as 
translucent  in  color,  but  it  has  a  glitter  of  surface  whose  re- 
flection interferes  with  the  effect  of  the  whole  when  seen  from 
certain  angles  of  direction.  The  varying  thickness  of  the  glass 
often  lifts  different  pieces  at  slightly  varying  angles  on  the  sur- 
face, causing  isolated  and  scattered  points  of  glitter  which  inter- 
fere with  a  quiet  unity  of  effect.  Again  it  is  difficult  to  obtain 
in  glass  a  full  chromatic  scheme  of  tints  and  shades  of  all  possible 
colors  without  very  great  expense.  Again,  the  glass  is  so  hard 
that  it  costs  too  much  time  and  labor  to  cut  it  into  the  necessary 
small  bits  required. 

I^laster,  it  would  seem,  offers  certain  distinct  advantages  of 
a  technical  character,  among  which  are  the  ease  with  which  it 
can  be  colored  throughout  its  body  by  many  of  the  metallic  ox- 
ides and  mineral  earths  while  it  is  yet  in  the  fluid  state  ;  also  the 
ease  with  which  this  colored  fluid  plaster  may  be  cast  into  flakes 
of  an  even  thickness  and  smooth  surface  by  simply  pouring  it 
out  on  large  sheets  of  glass  and  pressing  down  over  it  other 
sheets  of  glass  sustained  at  a  given  height  by  small  bits  of  broken 
glass  placed  between  the  two  sheets.  In  this  way  we  get,  in  a 
few  moments,  material  whose  color  is  any  desired  shade  or  tint, 
and  whose  surface  is  perfectly  flat  and  smooth  zvithout  glitter; 
but  it  is  also  porous,  holds  dust  and  dirt,  is  easily  soiled,  and  is 
not  sufficiently  hard  to  be  of  a  durability  sufficient  to  stand  neces- 
sary cleaning;  it  also  dries  out  chalky  and  almost  colorless. 

To  overcome  this  difficulty  many  experiments  were  made, 
among  them  that  of  immensing  tire  dried  flakes  in  strong  hot  size. 
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or  glue  water.  This  filled  the  pores  of  the  plaster  and  restored 
the  color ;  it  also  gave  the  required  hardness  and  resistance  to 
abrasion,  but  it  left  the  material  a  prey  to  dampness  which  dis- 
integrated the  glue. 

To  overcome  this  difficulty  the  further  experiment  was  tried 
of  treating  the  glue  sized  flakes  to  a  hot  alum  bath  which  made 
the  glue  insoluble.  This  proved  successful,  with  the  exception  of 
the  blues  and  greens  whose  color  was  attacked  by  the  alum.  This 
treatment  also  served  to  rob  the  flakes  of  their  delicate  surface 
and  make  the  colors  somewhat  heavy  and  lifeless.  Furthermore, 
so  many  processes  became  costly  in  labor  and  time. 

A  better  result  was  obtained  at  the  cost  of  a  single  supple- 
mentary process  by  plunging  the  flakes  into  boiling  parafine, 
which  not  only  filled  the  pores  of  the  plaster  but  actually  de- 
hydrated it  if  the  flakes  were  left  in  the  hot  parafine  sufficiently 
long.  The  result  gave  a  richness  and  semi-translucency  of  color, 
and  a  complete  protection  from  moisture,  yet  the  material  lacked 
something  to  be  desired  in  the  matter  of  hardness  to  resist 
ordinary  abrasion.  The  boiling  in  parafine  also  consumed  much 
valuable  time  and  material. 

One  further  experiment  was  made  through  the  kindness  and 
aid  of  Professor  Parr  of  the  Chemistry  Department,  which  re- 
sulted in  the  production  of  a  material  having  much  of  the  char- 
acteristic appearance  of  marble,  retaining  a  fineness  of  surface 
texture,  a  full  saturation  of  color,  and  an  increased  hardness  suf- 
ficient to  resist  ordinary  scratching  and  abrasion.  At  the  same 
time  the  flakes  could  be  easily  "scored"  with  the  point  of  the  knife 
and  broken  into  any  desired  shape  or  size. 

All  that  was  necessary  was  to  dip  the  dry  colored  plaster 
flakes  into  a  cold  chemical  bath  and  let  them  dry  slowly  in  a 
moderate  temperature.  The  chemical  bath  can  even  be  applied 
to  large  surfaces  with  a  brush  or  sponge,  in  which  case  the  treat- 
ment should  be  continued  until  the  pores  are  filled  and  will 
absorb  no  more.  There  are  a  number  of  chemical  compounds 
which  will  serve  the  purpose  but  the  one  employed  in  this  par- 
ticular instance  was  borate  of  auunonia. 

The  Department  of  Architecture  is'  now  in  possession  of  a 
complete  stock  of  colors  made  of  this  material  from  which  the 
pieces  illustrated  in  this  article  are  composed. 

The  ancient  technical  process  of  "laying''  mosaics  consist- 
ed in  embedding  the  bits  of  colored  glass  or  ceramic  material  in 
hydraulic  or  other  cement  upon  a  roughened  plaster  ground. 
Usually  the  plaster  ground  was  laid  upon  a  wall  of  masonrv. 
brick,  or  stone. 

In  these  modern  days  it  has  been  laid'  upon  a  foundation  of 
expanded  metal,  and   even  upon  wooden  laths.     Tt  is  not,  how- 
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ever,  with  these  foundations  that  we  are  immediately  concerned; 
suffice  it  to  say  in  passing  that  all  really  monumental  work  should 
be  constructed  of  durable,  and,  as  far  as  possible,  fire  proof  mate- 
rials, from  foundation  to  surface  finish. 

The  old  method  of  "laying"  the  mosaic  in  situ  upon  a  rough- 
ened plaster  surface,  necessitated  covering  the  foundation  surface 
with  a  smooth  finishing  coat  of  soft  cement  into  which  bits  of 
colored  glass  or  ceramic  were  pressed  with  the  fingers,  care  be- 
ing taken  to  keep  the  surface  as  level  as  possible  and  the  pieces 
of  equal  height. 

It  is  obvious  that  only  so  much  of  the  finishing  cement  should 
be  laid  as  could  be  covered  before  "setting," — that  is  to  say,  as 
much  as  could  be  covered  with  mosaic  in  the  space  of  a  few 
hours.  The  process  is  of  necessity  a  very  slow  and  tedious  one. 
many  devices  have  been  tried  to  reduce  the  labor  and  difficulty  of 
the  in  situ  process. 

One  method  is  to  lay  the  mosaics  in  sections  of  a  foot  or 
more  square  in  a  bed  of  cement  thick  enough  to  handle,  and  then 
assemble  the  sections  together  in  their  proper  order  and  "set" 
them  upon  the  foundation  just  as  tiles  are  set. 

This  method  is  not  so  very  difificult  where  the  surface  is  a 
level  one ;  but  where  a  covered  surface,  like  that  of  vaulted  or 
domed  ceilings  is  in  question,  the  process  becomes  difficult,  tedi- 
ous, and  costly.  The  chief  artist  of  the  Tiffany  studios  informed 
the  writer  that  he  took  sectional  plaster  moulds  of  the  entire 
surface  of  the  ceiling  in  the  delivery  room  of  the  Chicago  Library 
and  transported  these  moulds  to  the  New  York  studio  where 
the  mosaics  were  laid  in  sections  upon  the  moulds.  These  were 
then  sent  to  Chicago  and  there  placed  in  position.  It  becomes  ob- 
vious at  once  that  such  a  process  is  too  costly  for  any  under- 
takings but   those   of  unlimited   financial   resource. 

Having  found  a  colored  material  of  reasonable  cost,  easy  to 
work  and  yet  of  sufficient  durability,  our  next  step  was  in  the 
direction  of  reducing  the  labor  and  difficulty  of  "laying."  For 
small,  or  moderately  sized  works  the  following  is  a  suitable 
process. — 

Let  the  full  sized  design  be  traced  in  outline,  or  even  be  ex- 
ecuted in  color,  upon  paper  or  canvas.  Upon  this  lay  a  stout 
sheet  of  glass  large  enough  to  cover  the  entire  design.  The  bits 
of  colored  plaster  are  then  laid  face  downward  and  attached  to 
the  glass  by  means  of  beeswax  softened  with  lard  oil.  When  the 
design  is  all  laid,  a  dam  of  wooden  strips  }i"  thick  is  laid  on  the 
margin  of  the  glass  and  also  fastened  in  place  with  wax.  Plaster-paris 
is  then  poured  over  the  whole,  a  piece  of  "burlap"  canvas  em- 
bedded in  the  back,  and  when  fully  set,  the  sheet  of  glass  is  re- 
moved from  the  design  by  suspending  over  a  stove,  hot  air  radi- 
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ator,  or  hot  air  tlue,  until  the  wax  melts,  when  the  panel  will 
easily  slide  from  the  glass.  The  mosaics  may  be  easily  cleaned 
of  wax  with  gasoline,  and  the  interstices  not  completely  filled  with 
plaster  can  be  filled  up  by  rubbing  them  over  with  stiff  putty.  The 
panel  may  now  be  set  in  a  wall  or  framed. 

The  designs  accompanying  this  article  were  executed  in  this 
manner.     ^Fhe  "fish"  design  is  intended  to  be  set   into  the   front 


of  a  marble  altar  for  an  Episcopal  church.  The  Moorish  design 
is  to  be  let  into  a  small  table  top.  The  four  slabs  of  inlay  for 
the  mantle  facing  were  executed  by  the  writer  in  a  single  after- 
noon, and  the  whole  has  since  been  hardened  by  the  application  of 
the  borate  of  ammonia  solution  until  the  facing  is  quite  like  mar- 
ble in  hardness  and  texture.  Slabs  of  this  kind  can  be  made  as 
large  as  ])late  glass  can  be  found  on  which  to  lay  them. 

It  now  remains  to  descril^e  a  process  to  be  employed  in  the 
decoration  of  large  and  irregular  surfaces,  such  as  ceilings,  vault- 
ings, lunettes,  panels,  etc. 
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A  smooth  trowel  finish, — the  "white  hard  finish"  of  the  plaster 
lends  itself  most  readily  to  the  process.  If  the  danger  of  crack- 
ing is  feared,  the  plaster  should  be  covered  with  cotton  "factory" 
laid  in  a  mixture  of  lead,  whiting-,  oil  and  a  little  varnish.  This 
should  afterward  be  covered  with  a  stiff  coating  of  the  same  mix- 
ture.    Where  plaster  panels,  vaultings,  or  ceilings  are  laid  upon 


expanded  metal  and  there  is  no  danger  of  cracks,  this  cotton 
covering  can  be  dispensed  with  and  the  plaster  simply  "primed" 
with  white  lead  in  boiled  linseed  oil.  So  soon  as  the  surface  is 
ready,  the  design  may  be  executed  upon  it  in  ordinary  decorator's 
oil  colors ;  fresco  gilding  may  also  be  added  when  that  is  desir- 
able. In  this  way  all  experiments  may  be  made  until  the  right 
"key"  and  "tonal  harmony"  are  found.  The  whole  may  now  be 
incrusted  with  the  colored  plaster  cem^ents  and  gilded  glass 
grounds,  as  the  case  may  require, — it  being  only  necessary  to 
match  the   painted  and   gilted  portions   with   corresponding   col- 
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ored  cements  which  should  be  attached  to  the  surface  by  a  strong 
mastic  varnish  being  laid  over  the  work,  a  small  portion  at  a  time, 
as  it  dries  very  rapidly. 


♦  ♦     ♦^A^    ^ 


4^  ♦ 


In  this  way  any  surface  may  be  decorated  with  a  mosaic 
which  is  sufficiently  durable  for  all  purposes  except  that  of  the 
pavement,  and  at  a  mere  fraction  of  the  cost  in  time  and  material 
required  by  the  old  process. 

Those  interested  in  this  kind  of  monumental  decoration  may 
find  examples  of  it  now  being  executed  in  the  studio  of  the  De- 
partment of  Architecture  for  the  chimney  breasts  of  the  Faculty 
Club  House. 
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THE  ARCHITECTURAL  ARTS. 


M.  B.  Cleveland,  Arch.  '08. 

Of  the  Fine  Arts — Architecture,  Painting  and  Sculpture 
— Architecture  is  now  recognized  as  being"  one  of  the  first  in  im- 
portance and  is  the  most  fully  developed  of  the  three  in  our  country. 
Since  the  beginning  of  time  man  has  fashioned  abodes  to  protect 
himself  from  the  elements ;  the  tree  house  of  the  Tropical  man  or  the 
cave  of  the  Cave  Dwellers  was  a  beginning.  As  man  advanced  in 
the  scale  of  civilization  he  required  finer  abodes,  until  at  the  present 
day  the  buildings  he  erects  to  house  himself  or  his  interests  are  mag- 
nificent and  varied  in  use.  The  Cave  Dweller  decorated  his  hut  with 
crude  carvings,  but  the  buildings  of  today  must  be  decorated  with 
beautiful  mural  paintings,  marbles,  mosaics,  stained  glass,  wood 
carving,  metal  work,  and  many  other  inventions  of  man's  artist'c 
genius. 

All  this  has  given  birth  to  a  new  branch  of  art  which  is  usually 
spoken  of  as  Architectural  Art  and  has  to  do  with  the  decorat'.v.' 
embellishment  of  buildings.  Thus  we  have  created  a  demand  for  the 
very  highest  artistic  skill  in  these  several  lines  of  decorative  :irt, 
and  our  great  Universities,  Technical  and  Art  schools  are  jirovi'ling 
means  of  specialized  education  in  these  lines.  So  with  our  gains  in 
wealth  and  culture  there  will  be  further  demands  for  our  artists. 
Never  before  in  the  history  of  our  country  was  the  outlook  brighter 
than  now — for  the  architect,  artist,  and  decorator. 

Every  architect  must  know  and  appreciate  the  artistic  side  of 
his  profession  fully  as  well  as  he  does  the  constructive  side,  else  his 
buildings  must  be  mere  shells — eminently  fitted  to  withstand  wind 
pressures,  and  moving  loads  but  totally  incapable  of  calling  forth 
that  higher  aesthetic  feeling  which  is  really  one  of  the  desired  ends 
to  be  attained.  This  fact  is  now  generally  recognized  in  large  offices 
bv  the  employment  of  especially  trained  designers  as  well  as  en- 
gineers. On  large  commissions  the  decorative  work  will  be  done, 
each  part  by  a  man  who  is  especially  skilled  in  his  particular  line. 
But  for  the  small  commission  it  is  usually  impossible  to  employ  an 
expert  artist  to  carry  out  each  part  of  the  work  and  then  there  arises 
the  need  for  a  man  in  the  office  who  can  work  intelligently  and  with 
a  certain  amount  of  artistic  feeling  to  take  charge  of  the  work  and 
carry  it  out.  It  is  especially  desirable  that  the  designer  of  the  build- 
ing be  able  to  do  this  himself  as  then  there  will  be  a  feeling  of  unity 
in  the  completed  work  which  is  sometimes  so  evidently  lacking  unless 
the  work  is  carried  out  mainly  by  one  mind.  If  the  architect  himself  is 
trained  in  the  principles  underlying  this,  he  can  usually  direct  any 
small  work  to  a  satisfactory  completion. 

We  are  thus  impressed  with  the  importance  of  the  Architectural 
Arts  to  Architecture  in  particular  and  through  that  to  the  great 
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mass  of  the  iVniericaii  people  in  o-encral,  to  whose  higher  aesthetic 
nature  we  are  making  an  appeal,  for  only  as  we  arouse  the  cultural 
wants  of  the  people  can  we  raise  the  standard  of  living — which  is 
.really  the  end  of  being.  It  is  with  a  feeling  of  great  satisfaction  then 
that  we  realize  that  our  own  University  has  been  one  of  the  foremost 
in  recognizing  this  new  trend  of  feeling,  and  has  established  a  course 
in  its  Architectural  Department  which  gives  the  student  specialized 


training  in  the  designing  of  interiors,  exteriors,  and  the  several 
branches  of  the  decorative  arts.  This  is  the  course  in  Architectural 
Decoration  and  leads  to  one  of  the  regular  University  degrees.  This 
course,  as  in  fact  any  course  in  Art  or  Architecture  should,  contem- 
plates a  thorough  knowledge  of  Free  Hand  drawing  as  a  basis, 
and  work  in  that  line  forms  an  important  part  of  the  first  two  years' 
work,  as  also  does  Language,  Rhetoric,  English  and  other  aesthetic 
subjects.  With  this  work  a  study  is  made  of  plant  and  animal  life 
from  nature  and  then  artistic  anatomy  is  taken  up  and  carefully 
mastered. 
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The  theory  of  color,  as  the  basis  of  all  work  in  color,  is  thorough- 
taught  and  illustrated  with  plates  executed  by  the  students.  The 
psychology  and  visual  impressions  both  as  to  form  and  color  charac- 
teristics, is  carefully  studied  and  various  tests  are  made.  With  this 
as  a  foundation  the  Historic  Styles  of  Ornament  are  studied,  by 
means  of  diagrammatic  plates  on  which  the  student  works  out  ex- 
amples of  ornament,  stained  glass,  mosaics,  etc.,  in  historic  forms 
and  coloring.  In  the  design  of  decorative  ornament,  which  is  taken 
up  after  the  student  is  familiar  with  color  theory,  he  is  given  the 
problem  to  design  the  decorations  for  a  given  room.  .  A  spray  of 


grape  vine  with  fruit  and  leaves  may  be  chosen  as  a  motif;  this  he 
studies  carefully,  and  freehand  and  color  sketches  are  made  illus- 
trating its  form,  texture  and  color.  He  is  then  required  to  apply, 
this  to  the  decoration  of  a  dininp-  room.  The  treatment  is  unrestrict- 
ed and  he  may  conventionalize  or  treat  it  naturally  as  suits  his  fancy. 
After  his  designs  are  completed,  full  sized  stencils  are  made  if  the 
work  is  to  be  in  stencil,  or  full  sized  cartoons  if  it  is  to  be  freehand. 
Instruction  is  given  in  all  processes  as  the  work  progresses,  until  the 
ornament  decorates  a  wall.     The  student  prepares  his  own  stencil 
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paper  or  transfer  carbon  and  mixes  his  paint  in  oil  or  distemper  as 
the  case  may  be.  Fig.  i  shows  an  original  design  for  the  Dining 
koom  decoration  for  the  New  Faculty  Club  House,  executed  by  a 
member  of  the  class  in  Mural  Decoration. 

The  possibility  of  mosaic  effects  for  both  exterior  and  interior 
decoration  are  great  and  an  important  course  in  this  subject  takes 
up  considerable  time  in  the  third  year.  Mosaic  work  may  be  exe- 
cuted either  in  glass,   plaster,  or  ceramic  tile.     In  such  work  the 


student  makes  the  preliminary  sketch  for  his  design,  which  after 
approval,  is  developed  into  the  complete  full  sized  drawing.  This  is 
covered  with  a  sheet  of  glass  on  which  the  bits  of  mosaic  are  laid  in 
wax.  Upon  completion  a  sheet  of  cement  is  cast  over  the  entire 
design  and  it  is  lifted  from  the  glass.  Such  mosaic  work  may  be  laid 
on  canvas  which  has  been  cut  to  nroper  shape  and  in  this  way  curved 
and  irregular  surfaces  may  be  covered.  Or  the  mosaics  may  be 
encrusted  in  lead  on  iron.  Fig.  2  shows  a  chandelier  designed  and 
executed  by  Prof.  Newton  A.  Wells  for  his  residence.  It  is  of  metal 
encrusted  with  mosaics  ;  strap  iron  and  glass.     The  effect  is  charm- 
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\n£^,  the  color  being-  l^yzanline  in  character.  An  article  in  this 
issue  of  The  Technograph  by  Prof.  Wells  treats  this  particular 
branch  in  which  he  has  made  some  important  investigations,  in  a 
complete  wa^-.  Illustrations  of  the  work  will  also  be  found.  Work 
in  the  designing  of  textiles  and  rugs  is  taken  up.  Fig.  3  shows  a 
hangimT  designed  and  executed  in  this  course.  Fig.  5  illustrates  an 
original  design  for  a  rug  now  being  executed  by  a  pupil  of  the  school. 

Wood  carving,  metal  work,  modelling,  and  etching  are  taught, 
the  student  learning  the  use  of  the  different  tools  and  materials  and 
by  acquaintance  with  the  processes  and  theory  involved,  and  the 
actual  performance  of  the  work,  gaining  a  thorough  understand- 
ing of  the  subjects.  Fig.  4  illustrates  a  bit  of  wood  carving  designed 
and  executed  by  Prof.  Wells  for  his  home. 

The  criticism  of  art  is  taken  up  by  means  of  illustrated  lectures, 
and  carried  through  one  year.  Modelling  in  wax  and  clav  is  studied 
and  many  designs  have  been  made  and  executed  in  these  classes.  The 
Sun  Dial — the  gift  of  the  class  of  '06,  is  being  designed  in  this  depart- 
ment by  Mr.  Joseph  McCoy.  Figs.  6  and  7  illustrate  colored  plaster 
panels  modelled  in  this  course.  Various  designs  have  been  etched 
and  executed  by  the  students  and  the  Architectural  Club  recently 
issued  an  annual,  which  was  entirely  executed  on  the  press  of  the 
department.  In  this  way  orip-inal  designs  of  the  pupils  are  dissemin- 
ated in  the  community. 

Other  lines  of  work  are  studied  all  of  which  have  to  do  with  the' 
decoration  of  architectural  objects.  Such  a  course  is  of  the  greatest 
value  to  the  future  of  artistic  work  in  this  countrv.  It  is  manifestly 
of  the  greatest  importance  to  educate  the  mass  of  the  people  to  artis- 
tic feeling  and  it  cannot  be  done  by  confining  the  work  of  decoration 
to  a  few  great  hotels,  libraries  or  other  public  buildings,  as  well  .as 
bv  appealing  to  them  in  their  home  life.  A  nation  cannot  be  called 
truly  artistic  where  its  works  of  art  are  confined  to  a  number  of 
great  buildings.  Such  a  condition  shows  a  desire  for  display  much 
more  than  a  demand  for  art  or  a  memento  of  individual  effort.  When 
our  neople  as  a  mass  demand  homes  of  artistic  design,  filled  with 
beautiful  things  selected  because  they  are  beautiful  and  not  because 
they  are  costly,  surrounded  by  charming  lawns  and  gardens,  where 
the  feeling  is  evidentlv  for  beauty  rather  than  for  display  so  crudely 
in  evidence,  then  and  not  until  then  can  the  individual  laborer  for 
better  things  cease  his  work.  This  applies  as  well  to  the  working 
man's  cottage  as  the  millionaire's  palace,  vvrhich  often,  by  the  bye, 
is  the  most  ostentatiously  displeasing  of  the  two. 

There  has  been  a  great  advance  of  late  along  the  lines  of  beauty 
in  suburban  architecture  and  much  is  being  accomnlished  in  artistic 
decoration  of  the  small  house,  and  it  is  for  our  Art  schools  and 
I'niversitics  to  keep  such  courses  before  the  people  and  by  sending 
out  trained  men  and  women  in  this  field  of  work,  to  encourage  the 
demand  for  simplicitv  and  beauty  which  has  succeeded  alreadv  In 
gaining  a  strong  foothold  in  this  countrv. 
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PROGRESS  IN  THE  ENGINEERING  OF  HEATING  AND 
VENTILATION. 


G.  M.  Brill,  M.  W.  S.  E. 

The  art  of  heating  and  ventilating  has  not  received  as  much 
attention  in  our  universities  as  its  importance  warrants.  It  is  a 
profession  just  emerging  from  having  been  a  sort  of  side  line,  and 
is  worthy  of  a  more  dignified  position.  The  demand  for  properly 
educated  heating  and  ventilating  engineers  is  increasing  rapidly. 

The  temperature  in  which  we  live  and  the  quality  of  air  we 
breathe  is  parallel  in  importance  with  the  food  we  eat  and  the 
water  we  drink.  The  importance  of  maintaining  a  proper  temper- 
ature and  providing  fresh  air  should  be  impressed  on  each  gen- 
eration all  through  the  years  of  education,  and  the  furnishing  to 
the  world  of  engineers  trained  in  this  particular  line  is  a  crying 
need  today. 

The  importance  of  proper  heating  and  ventilation  of  schools 
is  so  well  recognized  that  several  progressive  states  have  already 
passed  laws  providing  and  enforcing  a  standard,  and  other  states 
are  sure  to  follow.  The  necessity  of  proper  ventilation  is  one  of  the 
tenets  of  the  large  and  powerful  organizations  now  striving  to 
stamp  out  tuberculosis. 

There  are  surprisingly  few  competent  heating  and  ventilat- 
ing engineers  now  practicing  the  profession.  It  is  a  broad  and 
honorable  calling.  The  country  is  awakening  to  the  need  of 
specialization.  Aside  from  hygienic  reasons  the  pecuniary  loss 
each  year  on  account  of  incompetent  design  of  heating  and  ven- 
tilating plants  is  enormous.  Manv  thousands  of  dollars  are 
wasted  is  the  adjusting  or  removal  of  improperly  designed  ap- 
paratus. The  literature  available  on  the  subject  is  not  volumin- 
ous. Most  of  our  writers  copy  the  tables  of  heat  transmission 
developed  by  the  experiments  and  tests  made  many  years  ago 
by  German  and  French  engineers.  The  American  Society  of 
Heating  and  Ventilating  Engineers  is  now  striving  to  build  up  a 
reliable  mass  of  data  and  to  apply  the  information  in  the  proper 
way.  Recent  tests  have  shown  the  need  of  revolutionary  changes 
in  the  design  of  heating  apparatus  which  has  for  years  been  con- 
sidered almost  perfect. 

The  majority  of  residence  heating  plants  installed  in  this 
country  are  designed  by  rule  of  thumb  by  the  contractors  who 
install  them.  No  particular  attention  is  paid  to  the  quality  of 
the  construction  of  the  building  or  to  the  normal  direction  of  the 
wind  or  to  the  ventilation.  A  competent  engineer  could  design 
for  most  of  these  residences,  plants  which  would  furnish  reason- 
able ventilation,   adequate  heating,   and   economical   fuel   consump- 
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tion  at  no  greater  first  cost  than  the  ordinary  plants  and  no  ex- 
pensive adding  to  or  cutting  down  radiation,  changing  boilers, 
etc.,  would  be  necessary,  as  is  often  the  case  at  present. 

School  buildings,  churches,  etc.,  are  generally  provided  with 
heating  apparatus  designed  without  charge  for  the  architects  by 
the  manufacturers  of  various  appliances  entering  into  them.  By 
this  method  while  plants  are  secured  which  usually  are  adequate, 
the  specifications  are  unfair,  calling  for  special  appliances  to  favor 
the  manufacturer'  designs,  and  too  often  the  computations  are 
intrusted  to  some  inexperienced  draftsman.  They  invariably 
throw  the  entire  responsibility  for  the  success  of  the  plant  on  the 
contractor,  and  the  ignorant  one  who  fails  properly  to  allow  for 
the  expense  of  adjustment  pays  dearly  for  his  experience.  The 
"v/ise"  contractor  who  does  make  such  allowances,  loses  the  work 
because  his  bid  is  high.  Should  the  design  of  the  heating  and 
ventilating  of  our  public  buildings  afifecting  the  health  of  our 
children  be  intrusted  in  such  hands  ?  There  are,  of  course,  ex- 
ceptions to  the  above  rule,  and  I  am  glad  to  say  that  the  equip- 
ment of  schools  of  probably  more  than  half  of  our  large  cities 
is  under  the  supervision  of  properly  educated  and  experienced 
heating  and  ventilating  engineers. 

Our  theaters,  churches,  court  houses,  jails,  stations,  hospitals 
are  free  to  do  as  they  please,  and  absolutely  no  ventilation  and 
inadequate  heating  is  a  common  result. 

Our  modern  office  buildings  are  almost  invariably  designed 
by  well  educated  architects,  who  employ  specialists  in  the  de- 
sign of  all  of  the  various  parts,  and  the  buildings  are  usually 
adequately  heated  and  ventilated — ^not  perhaps  because  the  owner 
believes  ventilation  necessary,  but  because  a  well  equipped  build- 
ing has  proven  a  better  financial  investment.  The  heating  and 
veiUilation  of  any  building  containing  and  operating  its  own  power 
plant  is  usually  well  designed,  the  desirability  of  preventing  back 
pressure  on  the  engines  being  the  prime  motive. 

T  know  of  one  building  beautifully  ventilated,  the  entire  heat- 
ing licing  indirect,  because  of  power  requirements  giving  a  large 
volume  of  exhaust  steam  which  it  was  economical  to  use  for  heat- 
ing purposes.  In  most  buildings  the  heating  apparatus  requires 
considerably  more  steam  than  the  power  plant  exhaust  furnishes. 
It  is  economical  to  use  exhaust  steam  for  heating,  because  the 
returned  water  of  condensation  is  usually  nearly  as  hot  as  feed 
water  heated  by  the  exhaust  would  be. 

The  heating  and  ventilating  plants  which  give  the  best  re- 
sults in  cost  of  installation,  operation,  and  appearance  are  those 
designed  in  the  architect's  offices;  and  developed  along  with  the 
building  plans.  With  both  factors  thus  elastic,  a  perfect  unison 
is   obtainable.     When   on   the   contrary,   fully   developed  building 
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plans  are  sent  the  heating  and  ventilating  engineer,  the  base- 
ment apparatus,  flues,  radiators,  etc.,  have  to  be  placed  in  in- 
adequate or  disadvantageous  locations.  Had  earlier  considera- 
tion been  given  to  their  necessities,  a  far  better,  more  economical 
and  lower  priced  installation  could  have  been  secured. 

The  quality  of  the  buildings  too  often  fails  to  receive  con- 
sideration from  a  heating  standpoint.  The  extra  cost  for  fuel 
necessitated  by  reason  of  leaky  window  frames  will  pay  for  new 
ones  in  a  season,  in  many  instances.  Thicker  walls,  building  paper, 
false  ceilings  in  top  floors,  particularly  in  concrete  buildings,  all 
should  be  considered.  They  seldom  are.  Usually  the  mistake 
is  corrected  by  adding  more  heating  apparatus  and  forever  after 
burning  more  fuel. 

The  effect  of  the  heating  apparatus  on  ventilation  is  often 
ill  considered.  Everyone  knows  that  a  stove  or  a  direct  radiator 
pulls  the  cold  heavy  foul  air  from  the  floor,  along  with  the  dust 
and  ofifal  there  and  disseminates  it  into  the  atmosphere  at  the 
breathing  plane.  The  condition  of  the  wall  above  any  radia- 
ator  proves  this.  Thus  a  direct  radiator  defeats  the  ventilation 
of  the  room  in  which  it  is  placed.  Radiators  in  ventilated  rooms 
should  be  used  only  when  flrst  warming  them.  The  same  amount 
of  heat  after  that  time,  applied  to  warming  the  air  supply,  will 
maintain  the  temperature. 

The  direct  radiator  as  ordinarily  placed  under  the  windows,  loses 
above  one-half  of  its  radiant  heat  into  the  wall  and  so  wastes  it 
out  of  doors.  Only  enough  direct  radiation  should  be  placed 
against  the  outside  walls  to  prevent  drafts  from  the  leakage  and 
cooling  of  the  glass.  I  believe  that  with  tight  windows,  the 
cooling  effect  of  the  glass  would  not  produce  noticeable  drafts. 
It  is  well  known  that  radiators  placed  in  the  center  of  rooms  as  in 
stores,  are  much  more  effective  than  those  placed  under  the 
windows.  The  comparative  cost  of  heating  properly  designed,  all 
indirect  heated  schools,  as  against  those  heated  by  direct  radia- 
tion with  independent  ventilation,  shows  in  favor  of  the  all  in- 
direct, by  a  large  margin. 

The  only  safe  basis  for  designing  heating  and  ventilating 
plants  is  the  heat  unit.  This  amount  of  heat  will  raise  the  terri- 
perature  of  about   55   cubic  feet  of  air  one  degree  in  one  hour 

I  —  HU  will  raise  s— J  of  air  1°  =4.2*  of  air   1° 

0.238  ^ 

iS  dry  air  occupies  13.4  cu.  ft.  @  70°  4.2  X  134  =  56  cu.  ft. 

The  rate  of  transmission  of  heat  from  one  body  to  another 

varies,  a  greater  difference  in  temperature  causing  a  more  rapid 

transmission.     The  rate   of  transmission  is  thus  affected  by  the 

movement  of  the  bodies,  a  greater  velocity  of  one  over  the  other 
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bringing'  cuiistaiUly  cooler  surfaces  to  be  warmed,  thus  increas- 
ing the  rate. 

The  determination  of  the  amount  of  heat  lost  from  buildings 
of  various  constructions,  with  or  without  wind,  with  varying  tem- 
perature, inside  and  out,  is  thus  a  complex  problem.  Our  data 
on  this  are  inadequate,  but  we  have  tables  which  we  know  to  be 
approximately  correct  within  ordinary  limits.  In  designing  a 
plant,  the  first  operation  is  to  study  the  construction  and  compute 
the  total  loss  of  heat  by  multiplying  the  loss  per  sq.  ft.  per  hour 
by  the  sq.  ft.  of  each  type  of  construction  in  each  apartment.  Then 
allowance  must  be  made  for  leakage,  and  here  judgment  and 
knowledge  of  the  quality  of  workmanship  must  be  used.  Then 
wind  allowance  must  be  made,  for  as  explained  above,  wind  on 
the  outside  of  a  wall  or  window,  enormously  increases  the  heat 
transmission  and  also  the  leakage. 

Having  determined  the  total  heat  lost — or  in  other  words, 
that  to  be  supplied;  the  amount  of  radiation,  number  of  pounds  of 
fuel  to  be  burned,  size  of  grate,  number  of  pounds  of  steam  re- 
quired, or  cul)ic  feet  of  hot  water  needed,  may  be  very  easily 
found. 

The  sizes  of  the  steam  piping  may  be  found  from  the  amount 
of  steam  required  and  the  size  of  the  water  piping  from  the  num- 
ber of  cubic  feet  of  water  needed.  The  size  of  the  boiler  or  heater, 
the  sizes  even  of  the  hot  air  furnaces  and  piping,  all  should  be 
reckoned  on  the  heat  unit  basis  with  the  heat  loss  from  the 
building  as  the  foundation  for  computation. 

The  details  of  this  method  are  simple  and  the  whole  scheme 
is  easily  grasped.  Nearly  the  whole  process  may  be  reduced  to 
tables  or  charts.  The  element  of  judgment  is  of  necessity  im- 
portant. Experience  only  can  mature  judgment,  but  if  our  me- 
chanical engineers  and  architects  were  more  thoroughly  grounded 
on  these  practical  details,  the  quality  of  our  heating  and  ventila- 
ting plants  would  be  much  improved. 

Compulsory  ventilation  of  all  rooms  used  for  an  assembly  of 
people  will,  I  believe,  be  necessary.  It  will  not  work  a  hardship 
if  adopted  in  all  new  buildings  as  they  are  built  and  incorporated 
in  all   old  ones  as  they   are   remodeled. 

The  supplying  of  30  cubic  feet  of  fresh  air  per  occupant  per 
minute  is  the  minimum  generally  set  by  common  practice  and  by 
law  in  those  states  in  which  it  is  mentioned.  This  should  be  the 
minimum,  as  even  with  this  volume  entering  a  room,  one  usually 
may  perceive  a  marked  difference  between  outside  air  and  that  in 
the  room. 

Ventilation  may  be  upward  or  downward.  If  the  practical 
details  of  construction  did  not  render  it  difficult  of  installation  in 
most   instances,  it    is  believed   that   upward   ventilation   would  be 
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the  more  effective.  For  upward  ventilation  to  be  satisfactory, 
however,  the  entering  air  must  be  at,  or  close  to,  70  degrees, 
and  must  be  forced  in  through  many  openings  in  the  floor  not 
far  apart  and  all  over  the  room.  The  outlet  is  near,  or  in,  the 
ceiling.  The  ascending  current  of  fresh  air  carries  with  it  the 
products  of  respiration.  This  method  while  expensive  is  almost 
imperative  in  large  rooms  lighted  by  open  gas  jets,  or  in  rooms 
like  theaters  in  which  it  is  as  important  to  keep  the  temperature 
cool  after  occupancy,  as  to  raise  it  prior  to  occupancy. 

It  has  been  found  almost  impossible  economically  to  cool 
rooms  by  downward  ventilation,  and  many  buildings  using  down- 
ward ventilation  for  heating  are  equipped  with  reversing  appli- 
ances so  that  upward  ventilation  may  be  used  whenever  it  is  de- 
sirable to  reduce  the  temperature. 

Downward  ventilation  is  based  on  an  entirely  dififerent  prin- 
ciple from  upward  ventilation  and  on  account  of  the  ease  with 
which  it  may  be  installed,  is  used  almost  universally.  It  is  suc- 
cessfully operative,  however,  only  when  the  entering  fresh  air 
is  warmer  than  that  in  the  room.  The  cool  and  foul  air  being 
heavier  settles  to  the  floor,  where  it  is  removed  and  the  fresh, 
warm,  lighter  air  keeps  supplying  the  deficiency.  There  is  a  con- 
stant settlement  of  the  air  in  the  room  in  nearly  horizontal  strata 
and  the  floor  must  always  be  a  little  cooler  than  the  ceiling.  The 
exhaust  opening  must  be  at  the  floor.  The  location  of  the  inlet 
is  not  vitally  important  as  the  warm'  fresh  air  will  rise  at  once 
to  the  ceiling  in  any  event,  but  the  inlet  is  customarily  placed  near, 
or  in,  the  ceiling.  The  inlet  and  exhaust  openings  are  preferably 
placed  on  an  interior  wall,  near  the  vertical  planes  of  each  other. 

The  duct  and  flue  velocities,  and  thus  the  amount  of  ventila- 
tion, are  afifected  by  the  difference  between  the  inside  and  outside 
temperatures,  the  amount  of  moisture  in  the  air,  and  the  wind. 
Thus  natural  or  gravity  ventilation  is  weakest  when  most  needed. 
This  had  led  to  the  adoption  for  all  but  small  buildings  of  forced 
or  mechanical  ventilation.  A  single  supply  fan  usually  is  sufficient 
though  in  buildings  in  which  large  exhaust  flues  are  not  eco- 
nomical, or  for  rooms  like  kitchens  or  laboratories,  requiring  ex- 
cess ventilation  to  prevent  dissemination  of  odors,  both  supply 
and  exhaust  fans  are  desirable  and  imperative.  For  all  rooms 
except  those  in  the  kitchen  class  the  supply  of  air  is  in  excess  of 
the  exhaust,  thus-creating  a  slight  pressure  over  that  of  the  nor- 
mal atmosphere,  which  tends  to  counteract  the  effect  of  the  com- 
paratively heavy  outside  air  leaking  in  at  windows  and  crevices. 
The  temperature  of  the  air  admitted  for  ventilation  must  be  care- 
fully controlled.  The  automatic  regulation  of  this  temperature  is 
almost  universal.  The  admission  of  cold  air  through  the  inlet 
of  a  warm  room  would  create  a  noticeable  draft,  as  the  cold  air 
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would  fall  to  the  lloor  immediately.  By  aid  of  tl.e  automatic  reg- 
ulation we  are  able  to  change  the  temperature  of  the  incoming 
air  slowly,  without  changing  its  volume  and  so  maintain  the  tem- 
perature of  each  room  nearly  constant. 

There  are  several  satisfactory  and  practical  systems  of  auto- 
matic regulation.  Compressed  air  is  used  as  a  motive  force  in 
nearly  all  of  them.  The  air  may  be  compressed  by  an  electric 
or  steam  pump,  by  a  compressor,  belted  or  geared  to  the  other 
machinery,  or  by  a  small  hydraulic  pump.  All  of  these  dev^ices 
arc  in  common  use  and  all  may  be  provided  with  automatic  gov- 
ernors which  throw  the  pumps  out  of  service  except  when  the 
air  pressure  drops.  The  standard  systems  of  automatic  regula- 
tion operate  about  as  follows : 

From  a  central  air  tank,  small  pipes  lead  to  each  room  and 
then  to  each  radiator  or  damper  to  be  controlled.  In  each  of 
thesel  rooms  is  located  a  small  valve  called  a  thermostat  which 
opens  automatically  and  permits  the  compressed  air  to  pass  by 
and  close  the  radiator  valve  or  hot  air  damper,  as  the  case  may 
be,  when  the  temperature  in  the  room  rises  above  the  desired 
point.  The  valves  and  dampers  are  provided  with  springs  or 
counterweights  so  that  when  no  compressed  air  is  admitted  to 
them  the  heat  is  always  turned  on,  thus  providing  so  that  should 
the  regulation  be  inoperative  there  will  merely  be  the  possibility 
of  an  excess  temperature.  Thus  systems  of  automatic  regulation 
are  merely  devices  to  shut  off  the  heat  when  the  same  is  not 
needed,  and  therein  lies  their  money-saving  virtue.  An  appreci- 
able advantage  of  plants  equipped  with  automatic  regulation  is 
also  gained  by  having  a  supply  of  compressed  air  always  on  hand 
which  may  be  used  for  manipulating  windows,  dampers,  etc.,  or 
even  for  running  clocks  and  ringing  bells. 

We  have  devices  for  supplying  humidity  to  the  air  auto- 
matically, to  make  up  a  deficit  in  the  outside  air  or  to  replace  that 
lost  in  heating. 

A  problem  constantly  increasing  in  importance  is  that  of 
cleaning  and  purifying  the  air  admitted  for  ventilation.  Numerous 
air  cleaners  are  in  use.  The  dirt  may  be  removed  by  them  but  they 
create  excess  humidity  at  times  as  water  in  large  quantities  is 
sprayed  into  the  air.  Mechanical  devices  remove  the  entrained 
water,  and  cooling  coils  in  circuit  with  refrigerating  plants  con- 
dense on  their  surface  much  of  the  evaporated  water.  Nature 
gives  us  a  hint  in  the  hairs  placed  in  our  nasal  passages,  but  we 
seem  so  far  to  have  failed  to  approach  nature  in  the  efficiency  of 
our  air  cleaners. 

The  details  of  the  numerous  systems  of  heating  buildings  or 
groups  of  buildings  are  legion. 
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For  buildings  occupied  all  of  the  twenty-four  hours,  the  use 
of  hot  water  as  a  circulating  medium  has  great  advantages,  es- 
pecially as  the  temperature  of  the  water  may  be  varied  as  required 
by  the  variations  of  the  outside  temperatures.  The  circulation 
of  hot  water  being  slower  than  that  of  steam,  the  latter  is  more 
favored  for  buildings  w^hich  are  occupied  intermittently.  The  use 
of  hot  water  under  pressure,  and  hot  water  under  circulation  in- 
duced by  mechanical  means,  as  by  pumps,  overcomes  the  objection 
of' sluggishness  and  is  apparently  growing  in  favor.  For  central 
station  heating  wdth  forced  circulation  hot  water  is  very  econom- 
ical and  satisfactory,  and  is  sure  to  increase  in  favor.  Plants  are 
in  use  in  which  steam,  either  live  or  exhaust,  is  conveyed  to  vari- 
ous sub-stations  where  its  heat  is  transmitted  to  water  circulating 
systems,  and  on  account  of  the  simplicity  of  installation  and  ease 
of  temperature  regulation,  this  arrangement  has  desirous  features. 

The  advantages  on  account  of  regulation  gained  by  hot  water 
heating  are  approximated  by  circulating  steam  below  atmospheric 
pressure.  Other  advantages  of  this  system  are  the  very  rapid  and 
positive  removal  of  air,  resulting  in  the  quick  warming  of  ex- 
tensive and  far-reaching  pipes  and  radiators.  The  sizes  of  piping 
may  be  reduced  and  back  pressure  may  be  eliminated,  thus  in- 
creasing engine  power  while  using  exhaust  steam,  and  this  last 
advantage  is  the  reason  for  the  installation  of  vacuum  systems 
almost  universally  in  our  large   commercial  buildings. 

The  greatest  success  is  gained  by  using  a  positive  exhauster 
to  aid  in  maintaining  the  vacuum,  with  traps  of  one  sort  or  an- 
other at  the  radiators  which  permit  water  or  air  to  pass  to  the 
exhauster,  but  which  prevent  steam  from  passing.  There  is  an- 
other type  of  low  pressure  heating  rapidly  growing  in  favor  which 
depends  merely  on  the  vacuum  created  by  the  condensation  of 
steam  for  its  efificiency.  There  are  hundreds  of  variations  of  the 
patented  appliances  used  in  connection  with  this  type,  but  air  tight 
piping,  radiators,  heaters  and  valves  are  essential,  and  in  the  pres- 
ent state  of  the  art  of  steam  fitting,  absolute  tightness  is  difficult 
to  maintain. 

A  very  large  amount  of  heating  will  probably  always  be  done 
with  furnaces  and  stoves.  The  design  of  this  apparatus  is  open  to 
development  and  is  susceptible  to  great  improvement. 

The  efifect  of  radiant  heat  has  failed  properly  to  be  considered 
in  many  instances.  A  large  part  of  the  heat  rays  from  any  fire 
go  straight  up  and  through  the  top  of  the  firebox.  Steam  and 
water  heaters  have  circulating  water  there  to  take  up  this  heat. 
The  ordinary  furnace  has  nothing,  as  the  construction  is  of  neces- 
sity such  that  air  can  not  easily  pass  over  this  part.  Unless  ample 
and  heavy  surface  of  some  sort  to  catch  and  be  warmed  by  this 
escaping  radiant  heat  is  provided,  the  furnace  will  be  inefificient. 
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Air  is  not  apprcciabl)  waniicd  by  radiant  heat,  but  to  be  heated 
must  be  rubbed  against  some  warm  surface.  The  radiator  or  hood 
of  the  ordinary  furnace  is  not  effective  nearly  so  much  because  of 
the  heat  of  the  products  of  combustion  inside  it  as  on  account  of 
the  radiant  heat  from  the  fire  below  it,  which  it  intercepts  and 
transmits  to  the  rising  air  currents. 

With  as  nmcli  engineering-  ability  applied  to  the  design  of 
furnace  heating  plants  as  is  devoted  to  the  design  of  apparatus 
of  other  types,  the  former  give  results  in  many  instances  equal  to 
the  latter.  Furnaces  are  used  for  heating  with  fans  blowing  air 
over  them,  thus  gaining  increase  in  the  heat  transmission,  and 
by  the  air  pressure  generated  preventing  any  leakage  of  gases 
from  the  furnaces.  Such  plants  usually  are  provided  with  devices 
which  permit  the  firing  of  only  as  many  of  the  furnaces  each  day 
as  the  outside  temperature  may  require.  Automatic  temperature 
regulation  may  be  applied  to  furnace  heating  plants  either  those 
with  fans  or  those  operating  by  gravity. 

Various  systems  comprising  combinations  of  furnaces  with 
steam  or  hot  water  are  in  successful  operation  and  in  many  build- 
ings are  very  desirable  as  providing  the  lowest  priced  method  of 
caring  for  all  of  the  rooms.  The  greatest  difficulty  in  operating 
these  plants  is  the  balancing  of  the  two  factors,  so  that  when  the 
furnace  part  is  sufficiently,  warm  the  steam  or  water  part  is  not 
over-heated.  This  trouble  seems  recently  to  have  been  solved  by 
the  placing  of  a  coil  of  indirect  steam  or  water  radiation  in  the 
furnace  air  chamber,  wdiich  acts  as  an  equalizer,  giving  oflf  or  tak- 
ing up  heat  as  the  conditions  may  require. 

Coal  is  burned  most  advantageously  and  its  heating  value  most 
economically  extracted  in  large  plants  equipped  with  labor  and 
heat  saving  devices,  and  operated  by  skilled  attendants.  The 
efficiency  of  such  plants  is  generally  so  much  higher  than  that 
of  small  units  promiscuously  attended  that  it  far  more  than  offsets 
the  losses  of  extensive  transmission  systems.  Therefore,  it  ap- 
pears that  the  heating  of  the  future  will  largely  be  done  from  cen- 
tral stations.  This  development  is  in  its  infancy  but  already  there 
is  encouraging  progress.  Generally  it  is  desirable  to  centralize 
at  the  central  station  the  electric  generators,  air  compressors,  re- 
frigerating machinery,  etc.  The  heating  engineer  has  learned  so 
to  apply  the  apparatus  in  the  various  buildings  that  need  of  skilled 
attendance  is  largely  eliminated.  For  instance,  in  a  large  school 
plant  the  heating  coils  may  be  elevated  so  that  steam  circulates 
by  gravity,  and  fans  are  propelled  by  motors  and  there  are  no 
pumps,  engines,  traps,  etc.,  usually  a  source  of  trouble  in  such 
a  building. 

The  necessity  of  adaptation  of  the  heater  to  the  type  of  fuel 
to  bo  burned  is.  apparently,  not  sufficiently  considered  in  general 
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practice.  An  efficient  soft  coal  Iieater  seldom  does  well  with  hard 
coal^  and  with  gas  and  oil,  heaters  adapted  to  either  of  the  above 
may  fail. 

It  appears  that  any  fuel  should  properly  complete  its  com- 
bustion in  a  sort  of  retort  in  which  conditions  are  kept  favorable, 
with  a  high  temperature,  and  carefully  regulated  air  supply.  The 
fuel  should  be  so  introduced  as  not  greatly  to  reduce  the  tem- 
perature of  the  retort  at  any  time.  The  heating  surface,  which 
perhaps  more  properly  should  be  called  cooling  surface,  should 
not  exert  its  influence  on  the  actual  fire  but  on  the  products  of 
that  fire.  The  observance  of  this  general  idea  seems  to  be  neces- 
sary in  obtaining  the  maximum  efficiency  of  the  fuel  and  its  com- 
bustion without  smoke. 

When  I  started  this  paper  I  hardly  knew  what  to  say.  I  now 
find  it  difficult  to  stop.  I  have  not  attempted  to  treat  anything 
exhaustively.  I  have  only  hit  a  very  few  of  the  high  places.  There 
are  cavernous  depths  practically  unexplored,  and  there  are  many 
pinnacles  well  lighted  by  experience.  I  am  learning  more  every 
day  of  how  little  I  really  do  know.  Within  a  year  I  may  learn  what 
will  change  my  ideas  on  some  of  the  few  points  on  which  I  have 
here  committed  myself.  The  scope  of  the  art  of  heating  and  ven- 
tilating is  enormous.  Volumes  might  be  written  on  its  progress, 
or  even  lack  of  progress,  if  you  will,  in  connection  with  any  one 
of  a  hundred  vital  interests. 

I  remember  hearing  once  that  "Lawyers  nowadays  have  to 
study  and  study  and  keep  studying  night  and  day  to  keep  up  witn 
the  progress  of  their  profession."  The  heating  and  ventilatnig 
engineer  has  to  work  as  hard  as  the  lawyer,  and  his  profession 
has  absolutely  unlimited  fields  for  exploration  for  the  mind  trained 
in  the  ability  to  reach  out  into  the  darkness  and  conceive  im- 
provements or  new  devices.  The  profession  is  following  in  the 
footsteps  of  its  older  brethren,  the  architects,  the  civil  and  the 
mechanical  engineers  in  the  organization  of  societies  and  chap- 
ters in  which  there  is  free  interchanging  of  information,  the  mem- 
bers giving  each  other  the  benefit  of  experience,  study  and  ob- 
servation. 

Some  of  our  data  are  clouded  by  insufficient  tests — some  of 
our  tests  are  not  altogether  dependable.  We  are  looking  for  help 
in  these  matters  from  the  well  equipped  and  scientifically  managed 
laboratories  of  our  universities. 
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IS     THERE     SOMETHING     WRONG     WITH     CURRENT 
ENGINEERING  EDUCATION? 


A.  Brundage,  C.  E.  '09. 

If  one  has  occasion  to  talk  with  an  employer  who  comes  inti- 
mately into  contact  with  very  many  young  technical  graduates,  he 
will  find  underlying  his  conversation  a  more  or  less  strong  current 
of  dissatisfaction  with  the  product  of  our  engineering  schools.  Re- 
cently the  writer  was.  to  say  the  least,  disconcerted  to  have  a  man 
whom  he  had  barely  met,  launch  precipitously  into  a  sweeping  in- 
dictnaent  of  the  present  day  college  man.  He  had  under  him  some 
thirty  or  forty  young  fellows  fresh  from  university,  and  he  very 
vigorously  prefered  numerous  serious  flaws  in  their  training,  de- 
manding of  me  as  an  undergraduate  a  defense.  His  indictment  in- 
cluded lack  of  executive  ability,  a  dislike  of  hard  routine  work,  a 
lack  of  powers  of  expression,  no  initiative,  and  even  indifference. 
He  also  indicated  a  feeling  of  discontent,  in  his  own  words,  they 
wanted  to  become  immediately,  without  serving  their  time  in  the 
ranks,  captains  in  the  great  arm-*-  of  industry.  Let  us  examine 
analytically  our  system  of  engineering  education  with  an  eye  open 
toward  the  reasons  for  charges  of  such  gravity. 

Technical  education  in  this  country  is  barely  out  of  its  infancy ; 
especially  is  this  true  in  the  middle  west  where  it  is  but  a  very  re- 
cent development.  The  last  twenty  years  marks  the  extension  and 
expansion  of  our  engineering  schools  from  feeble  affairs  graduating 
five  or  ten  men  a  year,  to  powerful  institutions  each  turning  out  an- 
nually hundreds  of  trained  students  ;  into  colleges  whose  bulletins  are 
eagerly  sought  by  the  great  industrial  interests  of  the  country,  whose 
experiments  are  watched  by  managers  and  superintendents  far  and 
wide,  and  whose  laboratories  furnish  tests  of  interest  to  all  the  world. 
Most  of  this  growth  has  in  fact  occurred  within  the  last  decade.  Such 
rapid  advancement  can  not  help  but  to  have  taken  place  at  the 
expense  of  thorough  internal  fusion  and  amalgamation.  Things 
are,  therefore,  not  yet  quite  settled.  Plainly  the  evolution  hereto- 
fore has  been  largely  auantitative  rather  than  qualitative.  The  fu- 
ture will  witness  the  completion  of  the  latter. 

Everyone  must  recognize  that  there  are  many  good  points 
patent  in  the  system  as  it  stands.  It  can  not  be  denied  that  the  tech- 
nical graduate  has  received  a  very  good  general  education.  He  has 
had  some  history,  perhaps  a  foreign  language,  mathematics,  most 
sciences,  in  fact  all  the  essentials  and  some  little  mechanical  and 
specialized  training  besides.  He  stands  equipped  for  good  citizen- 
ship regardless  of  the  line  he  elects  as  his  life's  work.  Having  had 
a  trial  or  sample  of  nearly  all  fields  of  knowledge  he  is  well  quali- 
fied to  select  that  for  which  he  is  best  fitted,  and  he  can  aft'ord  to 
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specialize  knowing  he  will  not  have  to  neglect  any  of  the  needful 
prerequisites.  In  addition  to  the  fact  that  the  courses  are  well 
rounded  we  find  that  they  are  more  or  less  crowded  so  that,  from 
the  great  amount  of  work  covered  in  so  short  a  time,  the  student 
gradually  comes  to  realize  the  value  of  haste  combined  with  pre- 
cision. The  mere  practise  in  doing  different  things  will  itself  be 
found  valuable  without  regard  to  what  is  to  be  learned.  So  when 
he  has  finished  his  Senior  year  we  must  admit,  I  think,  that  our 
student  is  prepared  in  a  fashion  for  outer  world  standards. 

But  we  are  only  passively  interested  in  the  virtues  of  the  present 
day  order.  The  defects,  since  our  attention  is  directed  to  their  cor- 
rection, must  interest  us  more.  First,  let  us  consider  the  immense 
amount  of  work  that  must  be  done  in  the  prescribed  time.  One 
might  contend  that  the  amount  is  not  so  vast  as  is  indicated,  were 
the  student  to  attend  strictly  to  his  school-room  affairs,  but  it  must 
be  acknowledged  that  a  university  community  affords  other  advan- 
tages so  various  and  diverse  and  so  important  that  the  contingency 
of  their  use  must  be  considered  a  probability  and  due  allowance  made 
therefor.  Such  a  rush  of  work  soon  puts  a  premium  on  dishonesty, 
and  tempts  the  student  to  cheat.  If  he  does  not  cheat,  he  must 
hurry  everything  so  that  the  best  he  can  do  is  never  evidenced.  His 
standard  is  lowered  contrary  to  all  the  established  ideals  of  educa- 
tion. He  becomes  so  engrossed  with  the  commonplace  duties  of 
everyday  that  he  is  inclined  to  become  pragmatical :  there  is  a 
tendency  for  him  to  become  a  mere  automaton  unable  to  step  from 
beneath  the  onus  of  his  calculations  and  see  ahead  to  the  final  re- 
sult. He  loses  all  connection  with  anything  but  this  little  circle  In 
which  he  moves,  and  the  great  outside  world  means  as  little  to  him 
as  Hyperion,  the  seventh  satellite  of  Saturn,  does  to  any 
ordinary  citizen.  He  even  lacks  the  time  to  apply  what  he  has 
learned  in  one  course  to  his  other  studies  ;  his  accuracy  outside  a 
class  in  pure  mathematics  is  doubtful,  his  experiments  are  not  written 
up  rhetorically  or  grammatically,  and  his  sketches,  outside  the  draft- 
ing room  are  hasty  and  crude.  In  fact,  his  general  viewpoint  is  lost, 
and  things,  through  some  cerebrial  myopia,  do  not  exist  in  their 
proper  proportion  for  him.  Of  course  these  things  may  not  be  pre- 
scribed in  the  curriculum  for  graduation,  but  nevertheless  they  are 
assuredly  sine  qua  non. 

The  foregoing  deficiencies  are  in  consequence  of  the  existence  of 
too  much  work  to  be  conveniently  handled  by  the  average  student. 
Let  us  now  investigate  the  effects  of  a  prepondencv  of  elementary 
work  with  a  consequent  disregard  for  more  vital  subjects,  a  condition 
which  frequently,  nav  nearly  always,  obtains.  By  elementary  work 
should  be  understood  the  fundamentals  that  ought  to  be  covered 
outside  the  technical  schook  Such  a  situation  is  fatal  to  the  develop- 
ment of  that  executive  ability  without  which  an  engineer  stands  so 
little  a  chance  for  success.     Also,  it  does  not  admit  of  much  adapt- 
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al)ilit\'  being  Icarnctl.  The  simple  work  is  done  by  a  simple  method 
of  "follow  your  nose  and  you'll  get  there,"  and  the  student  does 
not  shift  for  himself  and  can  not  learn  to  suit  himself  to  varying 
conditions.  He  has  nothing  to  bring  forth  and  drill  his  powers  of 
initiative.  Besides  being  negatively  detrimental,  such  a  crowding  of 
the  curriculum  with  primary  studies  eliminates  the  possibility  of  much 
specialization.     These  evils  are  all  quite  serious.  ' 

There  is  another  error.  The  connection  between  theory  and 
practice,  a  bond  that  should  be  unseverable,  is  not  maintained  so 
intimately  as  is  to  be  desired.  Laboratory  work  may  be  given  to 
supplement  this  teaching  in  the  lecture  room,  but  they  are  not  secure- 
ly interlocked,  sufficient  stress  is  not  placed  on  the  necessity  of  inter- 
twining the  one  with  the  other. 

These  defects  are  not  by  any  means  permanent,  however.  A  new 
era  has  dawned  for  our  technical  schools.  After  the  late  mushroom 
growth  things  are  settling  to  a  position  of  true  equilibrium.  The 
palpable  lack  of  capable  instructors  and  even  of  text  books  is  being 
eradicated.  Gradually  yet  visibly,  year  after  year,  standards  are 
being  raised  and  courses  are  being  amplifiied  and  added,  and  im- 
provement spread  in  every  direction  until  one  can  easily  imagine  a 
time  when  what  is  now  the  graduate  school  will  be  the  university 
proper.     Engineering  education  in  apogee ! 
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THE  ELECTRICAL  ENGINEERS'   SHOW. 


B.  M.  B]]:ach,  E.  E.,  '09. 

The  Electrical  Show,  given  by  the  students  in  Electrical  Engi- 
neering in  the  University  this  year,  was  a  success  from  every  point 
of  view.  The  number  of  visitors,  the  quality  and  scope  of  the  ex- 
hibits, and  the  handling  of  the  work  by  the  men  in  charge,  were 
very  gratifying  to  the  management  and  to  the  faculty  of  the  depart- 
ment. 

The  Show  as  an  institution  was  started  a  year  ago,  when  the 
first  exhibition  of  the  kind  ever  given  at  Illinois  was  held  about  the 
first  of  March.  Two  evening  and  one  matinee  exhibitions  were 
given.  This  year  no  afternoon  shows  were  given,  partly  because 
of  the  light  attendance  at  last  year's  matinee,  and  partly  because  the 
rather  elaborate  lighting  and  decorative  effects  which  have  become 
so  important  a  feature  of  the  Show  would  lose  their  attractiveness 
in  the  day-time.  Three  evenings  were  found  necessary  for  the  ac- 
commodation of  the  large  number  of  visitors.  The  dates  this  year 
were  Thursday,  Friday,  and  Saturday,  April  twenty-sixth,  twenty- 
seventh,  and  twenty-eighth. 

The  purpose  of  the  Show  is  two-fold;  to  give  residents  in  the 
Twin  Cities  and  the  surrounding  country,  and  students  in  the  Uni- 
versity, an  opportunity  to  see  the  recent  advances  in  the  application 
of  electricity  to  the  needs  of  the  human  race,. and  to  give  the  stu- 
dents in  the  department  a  practical  "workout"  in  installing  and 
handling  electrical  machinery  and  appliances  under  conditions  ap- 
proximating those  of  commercial  practice.  Both  objects  were 
achieved  to  a  flattering  degree.  The  wireless  telegraph,  high  fre- 
quency demonstration,  telegraphone,  100,000  volt  transformer,  sing- 
ing arc,  Poulssen  arc,  and  the  static  machines  and  other  apparatus 
exhibited  by  the  Physics  Department  were  exhibits  that  drew  ap- 
preciative attention  from  all  the  various  classes  of  visitors,  while 
those  well  versed  in  matters  of  science  found  them  of  real  value. 
Features  of  a  more  popular  nature  were  provided  for  entertainment, 
among  them  being  the  electrical  cooking  exhibit  conducted  by  the 
Woman's  League  of  the  University  with  the  aoparatus  loaned  b}^  the 
Commionwealth  Edison  Company  of  Chicago,  the  miniature  railway, 
the  electric  telescope,  the  electric  incubators  with  chickens  hatched 
by  electricity,  the  "Freak  Room,"  the  electric  fountain,  the  demon- 
stration of  the  Bell  and  the  Automatic  telephones,  the  military  tele- 
graph as  used  by  the  Signal  Corps,  the  Shadowp-raph,  the  electrical 
museum,  and  the  plant  growth  by  electricity.  A  "perpetual  motion" 
(  ?)  machine  was  discovered  (  ?)  in  time  to  be  placed  on  exhibit, 
and  attracted  a  good  deal  of  attention. 

The  experience  gained  by  the  students  was  undoubtedly  of 
p-reat  practical  value.     For  a  week  before  the  Show  from  forty  to 
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sixty  men  were  at  work  daily,  and  sometimes  the  number  included 
almost  the  entire  enrollment  of  the  department.  These  men  were 
given  the  best  possible  opportunity  to  benefit  by  the  work  assigned 
them,  because  in  each  case  they  were  told  what  was  needed  and 
they  simply  took  the  job  into  their  own  hands.  Many  underclass- 
men received  their  first  experience  in  wiring  circuits  and  handling 
electric  machinery,  while  the  older  students  were  given  excellent 
training  in  handling  men,  and  learned  some  very  valuable  lessons 
in  economy  of  materials.  The  time  put  in  on  the  Show  was  in  nearly 
all  cases  in  addition  to  the  regular  school  work,  as  verv  little  inter- 
ference with  classes  was  desired  or  permitted.  To  many  students 
this  meant  no  little  sacrifice  of  time  and  efifort,  but  the  cheerfulness 
with  which  help  was  qffered  shows  that  the  men  appreciate  the 
significance  of  the  Show  and  the  value  of  the  experience  gained  by 
sharing  the  work  and  responsibility. 

Perhaps  next  in  importance  to  the  actual  experience  of  taking 
part  in  the  preparations  for  the  exhibition  is  the  fellowship  and  loy- 
alty developed  as  a  direct  result  of  the  contact  of  all  the  men  in  the 
department  while  working  toward  the'  same  end.  Personal  feeling 
was  eliminated  to  a  remarkable  degree,  and  all  seemed  to  realize 
that  onlv  by  faithful  devotion  to  the  cause,  could  satisfactory  results 
be  obtained.  In  the  necessarily  hasty  and  incomplele  organization 
of  the  working  force  there  was  often  conflict  of  authority  and  petty 
annoyance  that  might  well  have  caused  serious  trouble  had  the  men 
not  placed  the  "good  of  the  service"  above  everything  else  and 
cheerfully  attacked  problems  from  the  standpoint  of  how-can-I-get- 
this-done  rather  than  how-soon-can-I-go-home.  In  all  the  engineer- 
ing courses  the  students  in  different  years  are  kept  pretty  w^ell  seg- 
rep'ated  from  each  other,  so' that  sophomores  and  freshmen,  juniors 
and  seniors  have  little  chance  to  make  acquaintances  in  other  classes 
than  their  own.  For  this  reason  the  Electrical  Show  has  an  especial 
value  to  the  department,  as  the  men  w^ork  side  by  side  with  represen- 
tatives of  other  classes,  perhaps  dififering  widely  from  themselves 
in  point  of  seniority.  The  experience  of  the  last  two  years  has 
clearly  shown  that  the  Show  has  drawn  the  Electrical  Engineers  to- 
p-ether and  developed  nride  in  the  department  and  lovalty  to  each 
other  to  a  degree  which  no  other  student  enterprise  has  anoroached. 

In  the  actual  conduct  of  the  Show  as  well  as  during  the  period 
of  preparation,  it  was  merit  and  experience  that  counted,  as  against 
influence  and  seniority.  It  w^as  not  always  the  senior  wdio  was  put  in 
charge  of  a  squad  of  men  or  who  was  asked  to  work  out  the  details 
of  an  exhibit.  Several  of  the  executive  positions  were  ably  filled  by 
men  attending  the  University  for  the  first  time  this  ^•ear.  while  stu- 
dents of  all  classes  were  called  upon  to  develop  exhibits  and  take 
charge  of  construction  work.  Where  underclassmen  were  given 
authority  over  older  students,  there  seemed  to  be  no  resentment  on 
the  part  of  the  older  men,  who  evidently  realized  that  the  manage- 
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ment  desired  only  to  further  the  interests  of  the  Show  in  the  best 
possible  manner. 

The  proceeds  are  to  be  used  in  some  way  which  will  benefit  the 
students  in  Electrical  Engineering.  The  reading  room  in  the  Elec- 
trical Laboratory,  which  has  already  been  furnished  by  the  Society, 
will  be  made  more  comfortable  and  convenient  for  those  who  go 
there  to  read  the  technical  papers  or  to  write.  The  exact  manner  in 
which  the  remainder  of  the  fund  will  be  spent  is  still  undecided,  but 
as  the  Show  represents  the  whole  department,  the  expenditure  of 
its  profits  will  be  for  the  good  of  all  E.  E.'s. 

The  Electrical  Show  was  advertised  more  extensively  than  are 
most  enterprises  conducted  by  students.  Display  advertising  in  the 
daily  papers  and  The  Illini  '^as  supplemented  by  news-stories  of  the 
progress  of  the  work  and  the  plan  of  the  Show.  Street  banners  were 
used  to  attract  attention,  while  the  lighting  of  the  Librarv  tower  by 
means  of  arc  lamps  and  the  operation  of  search-lights  from  the  top 
of  University  Hall  helped  arouse  interest.  The  Electrograph,  a 
four-page  paper  complete  in  one  number,  and  devoted  to  the  de- 
scription of  the  exhibits  and  explanations  of  the  purpose  and  scope 
of  the  Show,  was  published  just  before  the  opening  of  the  exhibition, 
and  copies  were  sent  to  the  nearby  towns.  Men  were  sent  out  along  the 
Interurban  both  east  and  west,  carrying  advertising  matter  and 
tickets. 

In  view  of  the  great  amount  of  temporarv  wiring  installed  for 
the  Show,  extra  precautions  were  taken  to  avoid  improper  connec- 
tions and  prevent  the  outbreak  of  fires.  The  members  of  the  faculty 
personally  inspected  every  circuit,  and  a  rule  to  the  effect  that  no 
circuit  was  to  be  used  until  approved  was  strictly  enforced.  Tem- 
porary fire-escapes  were  placed  on  the  building,  and  extinguishers 
were  placed  at  convenient  points.  Part  of  the  lighting  of  each  room 
was  supplied  by  the  storage  battery,  so  that  a  failure  of  the  city 
current  from  the  power  plant  would  not  thrown  the  whole  exhibition 
in  darkness. 

The  orp-anization  in  charge  of  the  Show  was  comprised  of  E.  L. 
Cook,  oreneral  manager;  G.  E.  Jaquet,  installing  engineer;  and  B.  M. 
Beach,  treasurer.  E.  E.  Pease  was  in  charge  of  construction  and 
inside  lighting,  and  F.  L.  Hanson  was  assistant  engineer.  The  sen- 
iors were  in  charge  of  exhibits  or  held  executive  positions,  and  the 
same  is  true  to  less  extent  of  the  juniors,  while  the  underclassmen 
helped  where*  most  needed. 
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THE  ELECTRICAL  ENGINEERS'  TRIP. 


K.  E.  Hellstrom,  E.  E.,  'o8. 

The  annual  inspection  trip  taken  by  the  Senior  Electrical  and 
Railway  Eng-ineers  this  year  was  probably  the  most  extensive,  as 
well  as  the  most  interesting  ever  attempted.  The  party  consisted  of 
thirtv-three  students  in  the  care  of  Professor  Morgan  Brooks,  head 
of  the  Electrical  Department  of  the  University,  and  E.  I.  Wenger, 
of  the  Railway  Department,  the  trip  covering  a  period  of  two 
weeks,  from  November  3rd  to  the  i6th.    The  program  follows  : 

Sunday,  November  3.  2  :40  p.  m. — Left  Champaign  via  C.  C.  C. 
&  St.  L.  for  Niagara  Falls. 

IMonday,  November  4,  8:00  a.  m..  Eastern  Time. — Arrived  at 
Niagara  Falls.  Ontario  Power  Company ;  Electrical  Development 
Company ;  Gorge  Route.  Headquarters  in  Niagara  Falls,  Imperial 
Hotel. 

Ttiesday,  November  5.— Niagara  Falls  Power  Company;  Car- 
borundum Works ;  National  Pure  Food  Company.  7 :20  p.  m.  left 
Niagara  Falls  via  West  Shore  R.  R.  for  Schenectady. 

Wednesday,  November  6.— General  Electric  Works.  5  :oo  p.  m. 
left  Schenectady  for  Albany.  8:00  p.  m.  left  Albany  via.  People's 
Line  S.  S.  Co.  boat  for  New  York. 

Thursday,  November  7 — New  York  Headquarters,  Grand 
Union  Hotel. — Interborough  Rapid  Transit  Company's  Power 
Plants  and  Subway  Lines ;  Interborough  Company's  Tunnel  under 
East  River  to  Brooklyn ;  New  York  Central ;  Telephone  Exchange. 

F'riday,  November  8. — New  York  Edison  Company's  Power 
Plant ;  New  York  Central  R.  R.  Electrification  D.  C.  System  ;  New 
York,  New  Haven  and  Hartford  R.  R.  A.  C.  Electrification.  8:15 
p  m.  American  Institute  of  Electrical  Engineers'  IMeeting. 

Saturday,  November  g — Edison  Lamp  Works,  Harriston,  New 
Jersey;  3:15  p.  m. — Left  New  York  via  Old  Dominian  S.  S.  Co., 
boat  for  Norfolk. 

Sunday,  November  10,  q:T.o  a.  m. — Arrived  Norfolk.  Head- 
quarters Colonial  Hotel. 

Monday,  November  11. — Jamestown  Exposition;  6:00  p.  m., 
left  Norfolk  by  boat  for  Washington. 

xuesday,  November  12,  7:00  a.  m. — Arrived  Washington,  Head- 
quarters Dewey  Hotel.  Treasury;  Washington  Monument;  Bureau 
of  Engraving  and  Printing;  Smithsonian  Institution;  12:30  p.  m., 
\\'hitc  House ;  Capitol ;  Navy  Yard  ;  Library  of  Congress. 

Wednesday,  November  13  — National  Bureau  of  Standards; 
I  :22  p.  m.,  left  Washington  via  Baltimore  &  Ohio  R.  R.  for  Pitts- 
burg; 0:42  p.  m.,  Arrive  Pittsburg. 
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Thursday,  November  14 — Westin^house  Electric  and  Manu- 
facturing Company ;,  Westinghouse  Machine  Company. 

Friday,  November  15. — United  States  Steel  Company's  Home- 
stead Works;  Bessemer  Steel  Company's  Works;  9:10  p.  m.  East- 
ern Time.  Left  Pittsburg  via  Baltimore  &  Ohio  R.  R.  for  Cham- 
naign. 

Time  v^as  rather  limited  throughout  the  entire  trip,  and,  in  order 
to  facilitate  travel,  and  keep  the  oarty  together,  six  leaders  were 
elected  bv  the  class  and  each  leader  was  responsible  for  the  men  in 
his  group.  This  arrangement  also  assisted  materially  in  the  inspec- 
tion, as  a  guide  was  usually  assigned  to  each  group,  and  the  men 


could  thereby  get  in  closer  touch  with  the  details  of  operation  and 
points  of  particular  interest  in  the  various  plants  to  which  they 
were  admitted.  From  the  time  the  special  car  left  Chamoaign  with 
a  large  banner  bearing  the  inscription  "University  of  Illinois  Elec- 
trical Engineers,"  until  the  return,  everybody  was  anxious  to  see 
and  learn  all  about  evervthing,  and  nobody  was  in  the  least  disap- 
nointed. 

The  extensive  power  plants  at  Niagara  Falls,  both  on  the  x\mer- 
ican  and  Canadian  sides,  were  highly  instructive  froim  a  practical 
standpoint,  giving  the  students  a  chance  to  see  the  largest  and  most 
up-to-date  plants  for  the  development  of  water  power  in  the  world. 
After  p-oing  through  the  National  Pure  Food  Company's  establish- 
ment the  men  were  invited  to  lunch  on  the  finished  product,  and  the 
fact  that  there  were  no  refusals  indicates  the  great  care  exercised  in 
preparing  the  modern  cereal  breakfast  food.     The  visit  to  the  Car- 


158  The  Technograph. 

borundruni  works  was  a  rare  opportunity  to  see  the  practical  oper- 
ation of  the  electric  furnace,  and  its  direct  application  to  modern 
industry.  Aside  from  the  practical  operating  knowledge  of  power 
plants  the  visit  to  Niagara  afforded  to  several  the  opportunity  of 
seeing  for  the  first  time  what  is  probably  America's  grandest  natural 
beauty  spot. 

The  visit  to  the  General  Electric  Manufacturing  Company's 
plant  at  Schenectad-"  took  the  party  through  some  three  hundred 
buildings,  devoted  exclusively  to  the  manufacture  of  electrical  ap- 
pliances. The  students  w-ere  able  to  see  the  practical  result  of  the 
comoany's  welfare  work  among  its  employees,  and  its  success,  as  at- 
tested by  the  appreciative  attitude  of  the  workers.  The  party  lunched 
with  the  employees  in  the  companv's  dining  rooms,  and  had  every 
opportunity^  of  seeing  for  themselves  the  conditions  governing  the 
apprenticeship  courses  in  the  modern  electrical  manufacturing  con- 
cern. 

A  considerable  time  was  spent  in  New  York  City,  and  it  was 
the  busiest  part  of  the  whole  jaunt.  The  power  plants  of  the  Inter- 
borough  and  Edison  companies  are  excellent  examples  of  what  a 
large,  up-to-date,  and  well  managed  concern  should  be ;  and  the 
operation  of  the  Subwav,  which  so  readily  solved  the  downtown 
traffic  problem  of  the  great  metropolis,  was  very  instructive.  An- 
other interesting  engineering  project  visited,  was  the  Interborough 
Companv's  tunnel  under  the  East  River  to  Brooklyn,  which  was 
nearinp'  completion.  The  party  was  permitted  to  walk  through  its 
entire  length,  about  6600  feet,  and  see  the  process  of  construction, 
the  main  features  of  which  were  the  reinforcement  and  ventilation. 
1  he  New  York  Central  Telephone  Exchange  also  aft'orded  an  ex- 
cellent opportunity  for  the  men  to  understand  something  of  the  huge 
problem  which  must  be  worked  out  by  the  telephone  engineer.  The 
electrification  of  two  of  New  York  City's  largest  steam  roads,  showed 
the  practicibility  of  this  idea,  which  has  been  a  subject  of  much 
recent  discussion  and  the  thorough  demonstration  bv  expert  opera- 
tors of  the  running  of  through  cars,  was  of  more  than  ordinary  in- 
terest. A  vi^it  to  the  Edison  Lamp  Works  at  Harriston,  N.  J.,  was 
interesting  in  that  it  show^ed  every  detail  in  the  complicated  manu- 
facture of  the  much  used  carbon  filament  lamp,  and  it  also  demon- 
strated that  women  can  be  employed  to  decided  advantage  in  modern 
industry  for  the  employees  of  this  company,  like  the  Telephone 
Exchange,  consisted  almost  entirely  of  the  weaker  sex.  All  of  the 
time  was  not  spent  in  search  of  technical  knowledge,  however,  for 
the  New  York  Alumni  Association  entertained  nicely  at  a  banquet, 
and  the  evening  was  devoted  to  the  renewals  of  many  old  friendships 
formed  at  Illinois. 

The  party  was  very  fortunate  in  being  in  New  York  City  on 
the  evening  of  the  regular  meeting  of  the  American  Institute  of 
Electrical  Engineers,  and  the  paper  on  the  "Comparative  Perform- 
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ance  of  Steam  and  Electric  Locomotives."  brought  out  some  excel- 
lent discussion  from  several  leading-  engineers.  This  gave  the  men 
a  good  idea  of  the  nature  and  purpose  of  the  Institute  meetings,  in 
which,  as  student  members,  they  are  directly  interested,  and  also 
gave  them  an  opportunity  of  meeting  influential  men  of  the  engi- 
neering profession.  The  visit  of  Dr.  Chas.  P.  Steinmetz  was  un- 
doubtedly a  direct  result  of  the  attendance  at  this  meeting. 

The  trip  to  Norfolk  by  water  was  pleasant  enough,  and  two 
days  were  spent  in  sight-seeing  at  the  Jamestown  Exposition,  which 
did  not  leave  a  verv  favorable  impression,  although  some  of  the 
exhibits  were  decidedly  instructive.  Washington  furnished  an  ex- 
cellent stamping  ground  and  Uncle  Sam  as  an  engineer  was  quite 
uo  to  expectations.  The  Washington  Monument,  Treasury,  Bu- 
reau of  Engraving  and  Printing,  and  the  Smithsonian  Institution, 
were  very  interesting.  The  beautiful  Capitol  and  Library  of  Con- 
gress also  impressed  the  men  with  their  magnificence,  and  a  very 
good  insight  into  the  lives  of  the  nation's  employees  was  obtained 
b--  seeing  them  at  their  work.  Half  a  day  was  spent  in  going 
through  the  National  Bureau  of  Standards,  and  manv  were  sur- 
prised at  the  exactness  of  the  work  done  there,  as  well  as  the  in- 
genious means  devised  for  doing  it.  The  men  seemed  totally 
wrapped  up  in  their  work,  and  were  not  at  all  loath  to  explain  and 
demonstrate  the  details  and  construction  of  the  apparatus  which 
they  employed,  and  the  results  which  they  desired.  The  party  was 
ap-ain  exceedingly  fortunate  in  being  admitted  to  the  presence  of 
he  nation's  chief  executive,  and  most  of  the  men  will  not  soon 
forget  the  privilege  accorded  them  of  shaking  his  hand. 

Pittsburg  was  the  last  stop,  but  there  was  so  much  to  see  and 
absorb  that  nobody  had  time  to  think  of  being  tired.  A  visit  to 
the  Westinghouse  Company's  Works  gave  the  men  a  chance  to  com- 
pare this  company  with  its  competitor,  the  General  Electric,  in  re- 
gard to  chances  and  desirability  of  future,  employment,  especially  in 
the  apprentice  courses,  where  they  would  probably  qualify.  A  fair 
opportunity  was  also  given  to  compare  the  manaeement,  equipment, 
and  engineering  merits,  of  the  two  concerns.  The  aonlication  of 
electric  nower  to  the  handling  of  material  in  the  immense  steel  mills 
of  the  United  States  and  Bessemer  Companies,  was  a  stvid^  in  itself 
of  the  rapid  growth  of  the  electric  motor  for  all  kinds  of  power 
purposes.  It  was  a  notable  fact  that  the  metal  was  not  handled  at 
all  b^-  man  power  from  the  time  it  entered  the  huge  furnaces  until 
it  was  cast  from  the  last  machine  in  the  required  form.  The  ma- 
chines were  ingenious  indeed,  and  to  say  that  the  operators  were 
experts  is  '^uttinp-  it  mildly. 

Probablv  the  greater  good  derived  from  the  trip,  and  the  one 
which  alone  would  have  made  it  worth  two  weeks  of  class-room 
work  and  the  money  expended,  was  the  direct  contact  with  the  elec- 
trical engineerinp-  world.     Many  men  fail  because  they  go  out  to 


I  60  The  Technograph. 

work  without  any  definite  idea  of  what  practical  eni^ineering  reall\- 
means,  and  they  start  wrong,  get  discouraged,  and  quit,  because 
they  think  they  are  not  anoreciated.  The  men  were  o-iven  opportun- 
ity to  see  what  each  special  branch  of  their  future  profession  would 
require  of  them,  and  they  were  thereby  helped  in  choosing  their 
respective  lines. of  work.  They  were  spurred  on  in  their  efiforts  to 
eet  everything  possible  in  their  class-room  work  in  order  that  thev 
might  be  better  able  to  cope  with  the  problems  which  they  saw- 
confronting  engineers  everywiiere.  They  met  many  influential  en- 
gineers, who  will  be  pleased  to  remember  them  if  the  opportunity 
offers,  and  that  alone  is  a  good  asset  when  scouting  a  job.  They 
met  many  old  college  friends,  whom  they  were  glad  to  see ;  men 
who  had  completed  their  college  work,  and  were  making  good  in 
the  world,  and  they  longed  to  be  with  them  and  pvish. 
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EDITORIALS. 

On  February  5,  1908,  Doctor  W.  F.  M.  Goss  was  formally 
installed  as  Dean  of  the  College  of  Engineering.  Prof.  White, 
who  had  acted  as  Dean  during  a  two  years'  interum,  was  in  the 
chair,  and  was  given  many  tributes  for  the  splendid  way  in  which 
he  had  handled  his  responsibility.  The  ceremonies,  which  were 
impressive,  were  concluded  by  the  presentation  of  a  magnificently 
bound  volume,  a  gift  from  the  faculty,  to  Prof.  N.  C.  Ricker, 
whose  resignation  from  the  head  of  the  department  caused  Doctor 
Goss'  arrival. 

Dean  Goss  arrived  here  on  October  31,  1907  to  take  charge 
of  the  School  of  Railway  Engineering.  He  has  had  extensive 
practice  in  his  profession,  both  in  Europe  and  America,  and,  while 
in  charge  of  the  Department  at  Purdue  University,  established 
an  enviable  reputation  for  it.  The  University  community,  students 
as  well  as  faculty,  consider  his  acceptance  of  the  Deanship  as  a 
great  gain  to  the  College. 

This  number  of  the  Technograph  has  been  dedicated  to  Dean 
Goss,  not  only  for  the  above  reasons,  but  because,  from  the  first, 
he  has  shown  great  interest  in  its  publication.  The  opening  arti- 
cle in  the  number  was  written  by  him,  and  should  prove  of  in- 
terest to  everyone  who  has  studied  railway  conditions  on  the 
Continent. 


In  arranging  the  material  for  this  issue,  the  attempt  has  been 
made  to  keep  like  subjects  together.  Besides  the  article  by  Dean 
Goss,  mentioned  previously,  G.  E.  Jaquet,  of  the  R.  E.  E.  Dept., 
has  furnished  a  paper  which  calls  forth  our  acknowledgement  on 
account  of  the  amount  of  time  expended  on  its  preparation,  and 
the  excellence  of  its  subject  matter.  In  passing,  we  wish  also  to 
make  mention  of  the  paper  by  A.  Brundage,  which  presents  the 
undergraduate's  side  of  a  knotty  question  to  advantage. 

During  the  year  we  have  received  a  large  number  of  bul- 
letins from  the  I'orestry  Service,  and,  in  acknowledgement,  they 
have  been  abstracted  by  R.  C.  Wagner,  of  the  board.  The  infor- 
mation should  be  of  interest  to  anyone  who  has  to  do  with  timber. 

We  wish  also  to  acknowledge  the  receipt  of  the  Cornell  Civil 
Engineer,  and  of  bulletins  from  W^isconsin  University,  and  from 
Colorado  School  of  Mines. 

We  regret  that,  owing  to  the  large  number  of  changes 
necessary  to  make  it  suitable  for  our  purpose,  we  were  unable  to 
present  Mr.  Abram's  report  of  work  done  in  the  Experiment  Sta- 
tion during  the  past  year,  and  that,  for  lack  of  space,  it  was  im- 
possible to  publish  a  report  of  the  lecture  given  here  last  fall  by 
Doc.  Steinmetz. 
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With  the  election  of  the  new  Technograph  board  members, 
the  Engineering-  Annual  will  start  on  its  twenty-second  year.  It 
is  certain  that  in  such  a  period  the  worth  or  uselessness  of  such  a 
periodical  should  have  been  demonstrated,  and,  if  worthy,  some 
chance  to  make  a  radical  improvement  should  be  given  it.  All  the 
stories  that  the  underclassmen  are  told  to  the  contrary  .  notwith- 
standing; the  faculty,  the  students,  and  most  of  all,  the  board, 
know  that  the  Technograph  is  appreciated.  We  will  not  enum- 
erate proofs — the  fact  that  a  W^isconsin  University  professor  re- 
cently remarked  that  he  used  the  Technograph  for  a  textbook 
shows  its  value. 

While  we  regard  the  change  of  the  Technograph  to  a  quar- 
terly as  an  immense  improvement,  the  fact  may  have  to  be  proved 
td  many  who  believe  such  a  step  would  be  unwise.  In  recom- 
mending such  a  change  to  the  Engineering  Societies,  and  urging 
their  immediate  and  conscientious  action,  we  do  so  without  the 
slightest  fear  that'  the  standing  of  the  Technograph  will  be  injured 
by  such  a  change.  We  do  not  advise  a  quarterly  filled  with  class 
room  notes  and  other  such  material,  valueless  to  the  outside  en- 
gineer— such  a  change  would  be  suicide.  But  the  act  of  increas- 
ing the  issue,  at  the  same  time  maintaining  our  present  standard 
would  merely  show  our  readers  that  w^e  possess  the  requisite 
material  to  fill  such  an  issue. 

As  to  the  financial  question.  Needless  to  say,  some  new  plan 
would  have,  to  be  adopted  between  the  clubs  and  the  board  to 
insure  support.  The  advertising,  which  in  a  publication  like  ours 
forms  the  main  resource,  would  be  easier  to  obtain,  but,  at  the 
same  time,  the  issues  would  probably  cost  about  as  much  as  at 
present,  since  it  is  not  the  suggestion  of  the  board  to  make  each 
quarter's  issue  much  smaller  than  the  present  annual.  Possibly 
the  present  system  could  be  continued,  giving  the  members  of 
the  club  two  issues,  and  trusting  to  their  desire  for  completeness 
to  buy  the  other  one. 

Scarcity  of  material  has  not  proved  a  drawback  to  the  past 
management,  and  should  not  if  the  issue  were  changed,  indeeu, 
the  financial  state  of  the  journal  would,  then  as  now,  control  its 
size.  It  is  certain  that  a  quarterly  would  assure  an  outside  sub- 
scription list  of  some  size,  and  that  such  a  list  would,  in  its  turn, 
assure  a  reception  of  communications  and  articles.  In  case  the 
matter  is  taken  up,  "we  earnestly  urge  upon  every  member  of  the 
"08  class  to  support  the  movement  in  this  manner.  The  fact  that 
the  work  of  publication  would  be  spread  over  an  entire  year  would 
make  the  amount  of  available  University  material  greater. 

In  the  matter  of  exchanges,  we  wish  to  remind  the  clubs  that 
at   present   we   exchange   with   several   semi-annuals,   and  that  it 
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would  be  entirely  possible,  if  neeessary,  to  arrange  to  continue 
this  feature  in  some  way. 

The  above  discussion  about  covers  the  actual  difficidties.  When 
the  matter  is  brought  up  before  the  clubs,  other  points,  such  as 
the  fairness  of  expecting  a  management  to  put  in  three  times  as 
much  work  as  at  present  with  no  return ;  the  necessity  of  the  elec^- 
tion  of  competent  and  energetic  men  to  the  board ;  and  various 
financial  details  not  mentioned  herein;  can  be  brought  up  and 
decided. 

And  now,  in  closing,  we  wish  to  urge  the  Societies  to  give 
this  project  all  possible  favor  in  their  consideration,  from  the  very 
fact  that  Cornell,  Wisconsin,  Minnesota,  Boston  Tech,  Armoui 
Institute,  and  many  other  schools,  are  making  a  success  of  such 
issues,  while  we*  who  have  no  superiors  among  those  schools,  are 
content  with  an  annual.  Do  not  have  it  said,  without  careful  con- 
sideration on  your  part,  that  we  have  not  enough  energy  and 
material  to  support  a  publication  fully  worthy  of  our  standing 
among  the  Engineering  Colleges  of  the  United  States. 
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MECHANICAL  ENGINEERING  SOCIETY. 

The  Mechanical  Engineering  Society  has  a  twofold  aim :  To 
get  men  of  note  in  the  engineering  profession,  either  in  investi- 
gation or  educational  work,  or  in  commercial  practice,  to  speak 
before  the  Society  and  thus  put  us  in  touch  with  the  subjects  that 
are  interesting  engineers  all  over  the  country;  and  to  bring  them 
together  in  some  activity  outside  the  class  room  and  yet  belong- 
ing distinctively  to  them,  to  improve  their  esprit  de  corps, — to 
"put  them  next"  to  eachj  other.  A  brief  summary  of  our  work 
during  the  current  year  will  serve  to  show  how  well  we  have  car- 
ried out  this  purpose. 

Addresses  w^ere  given  as  follows  :  Prof.  L.  P.  Breckenridge, 
head  of  the  Mechanical  Engineering  Department,  "Mechanical 
Engineering;"  Air.  G.  M  Brill,  M.  W.  S.  E.,  Consulting  Engineer, 
"i  lie  Average  Power-Plant ;"  Mr.  R.  D.  Tomlinson,  Steam  En- 
gineer of  the  Allis-Chalmers  Co.,  "Condensers  and  Their  Appli- 
cation;" Mr.  S.  R.  Lewis,  Jr.,  of  Lewis  &  Kitchen,  "Modern 
Heating;"  Mr.  W.  H.  Vandervoort,  of  the  Moline  Automobile  Co., 
"Automobile  Engines ;"  Prof.  J.  C.  Thorpe,  Assistant  Professor  of 
Mechanical  Engineering,  "Recent  Steam  Turbine  Developments;" 
Prof.  Breckenridge,  "The  Evolution  of  the  Atlantic  Liner ;"  Prof. 
Benjamin,  Dean  of  the  College  of  Engineering  of  Purdue  Uni- 
versity, "The  Evolution  of  the  Machine  Tool;"  Mr.  H.  B.  Dirks, 
Instructor  in  Mechanical  Engineering,  "Superheated  Steam."  In- 
formal five  minute  talks  by  :  C.  S.  Pillsbury,  '07,  on  a  summer's 
work  in  an  Arizona  copper-mine;  R.  E.  Robinson,  '08,  on  the  in- 
spection service  of  the  A.  T.  &  S.-F.  R'y ;  F.  Van  Inwegen,  '08, 
on  power-plant  design. 

Arrangements  have  been  made  for  an  address  by  Dean  Goss 
on  modern  .German  engine  practice ;  and  in  order  to  get  talks  irom 
the  students  the  Society  has  issued  a  call  for  bids  on  the  equip- 
ment of  an  imaginary  power-plant.  These  bids  are  to  be  submitted 
by  the  members  of  the  Society  as  representatives  of  the  companies 
making  the  dififerent  apparatus,  for  the  consideration  of  a  board 
of  directors,  and  it  is  expected  in  this  way  to  give  an  insight  into 
the  methods  of  buying  and  selling  engineering  equipment. 

As  to  the  social  side  of  the  work,  in  the  two  or  three  meet- 
ings where  refreshments  were  served  and  at  the  smoker  which 
was  given  in  the  fall  we  at  least  kept  up,  while  at  the  second 
smoker  to  be  given  in  the  spring  we  expect  to  add.  to  the  M.  E. 
reputation  for  being  a  "live  bunch." 
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C.  E.  CLUB. 

On  May  9th,  1907,  the  C.  E.  Club  met  in  Adelphic  Hall  for 
the  last  reception  of  a  inost  successful  year  under  Pres.  Kinsie's 
leadership.  At  the  conclusion,  of  an  enjoyable  evening,  the  fol- 
lowing officers  were  elected  for  the  next  semester :  President, 
A.  N.  Heaney,  '08 ;  Vice  President,  C.  M.  Slaymaker,  '08 ;  Secre- 
tary, E.  B.  Adams,  '08;  Treasurer,  K.  H.  Talbot,  '09;  Sergeant- 
at-Arms,  A.  M.  Korsmo,  '09. 

JUuring  the  first  semester  the  Club  was  addressed  by  Prots. 
Brooks  and  Dufour,  who  spoke  in  the  opening  meeting;  Prof. 
Baker,  on  "Bridge  Accidents ;"  Prof.  Bleininger  on  "Manufacture 
of  Portland  Cement;"  E.  H.  Ackerman  on  "Buffalo  Track  Eleva- 
tion;" G.  E.  Tibbetts  and  F.  L.  Stone  on  "Chicago  Track  Eleva- 
tion." At  the  close  of  the  semester  C.  M.  Slaymaker,  '08,  was 
elected  as  President;  A.  M.  Korsmo,  '09,  as  Vice  President;  W. 
H.  Raynor,  '09,  as  Secretary ;  R.  C.  Wagner,  '09,  as  Treasurer, 
and  I.  J.  Shields.  '10,  as  Sergeant-at-Arms. 

The  annual  C.  E.  Smoker  was  held  at  K.  of  P.  Hall  on  March 
14.  1908,  under  the  direction  of  Arthur  Schwerin,  chairman  of  the 
committee.  About  two  hundred  attended,  and  were  shown  an 
enjoyable  time.  Dean  Goss  and  Profs.  Baker,  Brooks,  Dufour, 
Bayley  and  Bleininger  helped  to  make  the  event  a  success. 

The  Senior  trip,  from  April  14  to  April  19,  was  to  Chicago,  as 
usual,  the  plans  for  a  Pittsburg  trip  being  regarded  as  unwise. 
The  usual  complete  inspection  was  made.  Besides,  during  the 
first  semester,  trips  were  made  to  Mahomet  and  Mattoon,  111.,  to 
inspect  bridge,  and  water  supply  work  respectively.     , 
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THE  ARCHITECTURAL  CLUB. 

NEW  OFFICERS.  At  a  recent  meeting  of  the  Club,  held 
early  in  March,  the  new  ofificers  for  the  second  semester  were 
elected.  Mr.  W.  H.  Beyrer,  a  Junior,  was  chosen  for  President. 
It  was  in  pursuance  of  a  long  established  custom  of  the  Club  that 
the  office  of  President  for  the  second  semester  was  given  to  a 
Junior.  The  President  for  the  first  semester  is  always  chosen  from 
among  the  Seniors.  The  other  ofificers  elected  were :  Fritz  Wag- 
ner, Vice  President ;  Ramon  Schumacher,  Treasurer ;  J.  R.  Fu- 
gard,  Secretary. 

CONVENTION.  The  Architectural  League  of  America,  of 
which  the  Achitectural  Club  is  a  member,  will  hold  its  annual  con- 
vention at  Detroit  on  the  17,  18,  and  19th  of  September,  next.  The 
fact  that  the  dates  set  are  so  near  the  time  of  opening  of  school 
in  the  fall  will  make  it  difficult  for  any  of  the  club  members  to  at- 
tend the  convention.  There  is  a  movement  on  foot  among  the 
Senior  members  to  arrange  for  a  reunion  at  Detroit  at  the  time 
of  the  convention.  The  Club  was  for  a  number  of  years  the  only 
student  organization  represented  in  the  League. 

MEMBERSHIP.  The  membership  of  the  Club  for  the  pres- 
ent year  has  been  about  70.  This  number  comprises  about  three- 
fifths  of  the  students  enrolled  in  the  department. 

SCHOLARSHIPS.  Harvard  University  announces  three 
scholarships  open  to  all  members  of  the  Clubs  included  in  the 
League.  One  of  the  scholarships  is  to  be  awarded  to  the  appli- 
cant who  passes  with  the  highest  grades  the  entrance  examina- 
tions at  Harvard ;  the  other  two  scholarships  are  to  be  awarded 
to  the  winners  of  first  and  second  place  in  a  competition  in  de- 
sign only.  Each  of  the  scholarships  consist  of  a  year's  tuition 
($150)  in  the  School  of  Architecture  at  Harvard. 

The  Architectural  League  also  ofifers  a  traveling  scholarship, 
open  to  its  own  members,  of  one  thousand  dollars  a  year  for  two 
years,  it  being  reciuired  that  the  time  be  spent  in  foreign  travel 
under  the  direction  of  the  League. 

BANQUET.  Plans  for  the  second  annual  banquet  of  the 
Architectural  Club  are'  now  under  consideration.  The  date  and 
details  have  not  yet  been  announced.  The  first  annual  banquet 
was  held  in  March  last  year  at  the  Beardsley  Hotel.  Fifty  mem- 
bers attended  then,  and  it  is  hoped  that  even  more  will  attend 
this  Spring. 

ANNUAL.  "The  Architectural  Annual,"  published  by  the 
League  in  February,  contained  about  twenty  pages  devoted  to 
the  work  of  members  of  the  Club,  past  and  present.  About  ten 
pages  were  given  to  illustrations  of  drawings. 
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RETAINING.  MEMBERSHIP.  Through  a  change  in  the 
Constitution  of  the  Chib,  efifective  last  year,  it  is  now  possible 
for  any  member,  of  two  years'  standing,  to  still  retain  his  mem- 
bership upon  leaving  the  University  by  merely  paying  the  regular 
dues  of  the  Club.  This  enables  members  who  cannot  locate  near 
Chapters  of  the  League  to  retain  the  benefits  of  membership  in  the 

League. 

LECTURES.  The  Club  enjoyed  several  lectures  last  se- 
mester and  has  several  in  prospect  for  this  semester. 


TAU  BETA  PI. 


Last  fall  the  initiates  into  the  Illinois  Alpha  Chapter  of  Tau 
Beta  Pi,  the  honorarv  engineering  fraternitv,  were :  H.  C.  Dean, 
E.  E.  '09 ;  H.  A.  Brand,  A.  E.  '08 ;  S.  E.'  Campbell,  C.  E.  '08 ; 
M.  R.  Havnes,  C.  E.  '08;  F.  N.  Ropp.  C.  E.  '08;  F.  L.  Hanson, 
E.  E.  08 ;  K.  E.  Hellstrom,  E.  E.  '08 ;  G.  E.  Jaquet,  R.  E.  E.  '08 ; 
R.  E.  Robinson,  M.  E.  '08.  This  spring  the  new  members  were  : 
\V.  H.  Bevrer,  Arch.,  H.  D.  Oberdorfer,  A.  E.,  H.  Burgess,  C.  E., 
A.  ]-!rundage,  C.  E.,  W.  C.  Johnson,  C.  E.,  W.  T.  McClenahan, 
C.  E..  C.  E.  Ramser,  C.  E.,  H.  H.  Simmons,  C.  E.,  B.  Van  de 
Greyn,  C.  E.,  H.  E.  Ercanbrack,  E.  E.,  H.  S.  Lofquist,  E.  E.,  R. 
Schumacher,  E.  E.,  P.  M.  Burke,  M.  E.,  C.  A.  Herrmann.  M.  E., 
C.  T.  Ripley,  R.  E.  E.,  all  from  the  class  of  1909. 
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LESTER    PAIGE    BRECKENRIDGE. 


The  announcement  made  and  confirmed  in  February,  to  the 
effect  that  at  the  close  of  the  present  college  year,  Professor  Breck- 
enridge  would  give  up  his  work  at  the  LTniversity  of  Illinois,  has 
been  received  on  every  hand  with  expressions  of  sincere  regret. 
Among  those  to  whom  his  going  will  be  regarded  as  a  distinct 
personal  loss,  are  many  readers  of  The;  Technograph.  It  is  fitting, 
therefore,  that  the  present  issue  contain  some  formal  statement  of 
the  work  he  has  accomplished  and  some  recognition,  however 
weakly  framed,  of  those  qualities  of  his  character  which  have  so 
endeared  him  to  his  friends.  It  is  but  just  also  that  there  be  added 
some  explanation  of  the  considerations  wdiich  have  influenced  his 
action. 

Lester  Paige  Breckenridge  was  born  at  Aleriden,  Connecticut, 
in  1859.  He  graduated  from  the  Sheffield  Scientific  School  of  Yale 
University  with  the  Class  of  1881,  and  devoted  a  number  of  years 
to  practical  engineering  work  in  various  parts  of  New  England. 
Following  this,  he  spent  eight  years  as  a  member  of  the  instructional 
staff  of  Lehigh  University,  where,  as  assistant  to  Dr.  J.  F.  Klein, 
he  helped  to  build  up  a  strong  department  of  mechanical  engineering. 
From  there  he  went  to  Michigan  Agricultural  College  at  Lansing 
as  Professor  of  iMechanical  Engineering.  He  resigned  his  profes- 
sorship at  Lansing  to  accept  a  similar  position  at  the  University  of 
Illinois  in  1893,  which  position  he  now  proposes  to  relinquish. 

The  sixteen  years  that  have  passed  since  1893  represent  a 
period  of  remarkable  development  in  the  College  of  Engineering 
of  the  University  of  Illinois,  in  which  development  Professor  Breck- 
enridge has  had  an  active  part.  The  present  shop  laboratories,  the 
boiler  house  with  it's  system  of  tunnels  extending  to  every  part  of 
the  campus,  and  the  mechanical  engineering  laboratory  with  its 
elaborate  equipment  of  machinery,  are  all  monuments  to  his  genius 
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and  skill.  It  was  in  response  to  his  suggestions  that  the  Engineering 
Experiment  Station,  the  first  of  its  kind  in  connection  with  a  state 
institution,was  organized,  and  its  work  has  since  proceeded  in  obedi- 
ence to  his  wise  direction.  While  never  for  a  moment  forgetting  the 
needs  of  the  College  of  Engineering,  his  influence  has  been  extended 
broadly  throughout  the  University  and  the  state.  His  attitude  to- 
ward all  matters  of  common  interest  was  well  described  by  Presi- 
dent A.  S.  Draper  some  ten  or  twelve  years  ago,  who  responding 
to  an  inquiry  concerning  Professor  Breckenridge,  said,  "Oh,  Breck- 
enridge  is  the  man  over  at  Illinois  who  makes  the  wheels  go  round." 

Few  members  of  the  instructional  staff  are  known  by  so  many 
students.  Wherever  the  Illinois  men  have  met  to  smoke  or  feast, 
he,  more  than  any  other,  has  cheered  the  board.  In  matters  involv- 
ing the  special  interests  of  students,  there  has  never  been  doubt  as 
to  where  he  stood ;  his  yea  has  been  yea,  and  his  nay,  nay.  He  was 
the  first  to  be  elected  an  honorary  member  of  Tau  Beta  Pi,  and  has 
recently  served  a  year  as  President  of  its  Council.  Graduates  de- 
light to  meet  him,  and  delegations  of  visitors  have  been  charmed  by 
the  enthusiasm  with  which  he  has  shown  them  about  the  University. 
As  a  member  of  the  University  Senate  and  of  various  committees, 
he  has  had  his  part  in  ordering  the  general  interests  of  the  Univer- 
sity. He  was  an  effective  promoter  of  the  Universitv  Club,  and  is 
now  its  President.  In  his  work  as  an  expert  in  the  broader  field  of 
engineering  practice,  he  has  acted  for  the  Chicago  Edison  Company 
in  making  tests  of  its  epoch-making  installation  of  steam  turbines, 
and  for  the  United  States  Geological  Survey  in  directing  the  work 
of  fuel  testing  at  the  Louisiana  Purchase  Exposition.  His  re- 
searches, based  upon  the  work  of  his  own  laboratory,  concerning^ 
the  conditions  to  be  observed  in  burning  Illinois  coal  without  smoke,. 
have  served  greatly  to  extend  his  reputation.  He  is  now  a  Vice- 
President  of  the  American  Society  of  Mechanical  Engineers. 

This  statement,  although  brief,  will  suffice  to  indicate  with 
what  degree  of  fullness  Professor  Breckenridge's  service  has  been 
rendered.  It  is  easy  to  understand  why  it  is  that  students,  alumni, 
and  professors  alike  regret  his  going.  If  they  find  difficulty  in 
explaining  it  they  must  remember  that  Professor  Breckenridge  was 
born  and  bred  in  New  England,  that  his  relatives  are  there  still,  and 
that  his  friends  are  as  numerous  there  as  here.  These  and  an  in- 
born love  for  the  hills  of  the  land  of  his  nativitv.  are  to  one  of  his 
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temperament,  influences  of  no  small  moment.  As  an  alumnus  of 
the  Sheffield  Scientific  School,  he  is  greatly  interested  in  the  welfare 
of  that  institution,  and  the  fact  that  he  has  been  invited  to  succeed 
Professor  Richards,  who  having  reached  the  retiring  age,  is  content 
to  give  up  the  duties  of  his  office,  brings  to  him  an  opportunity 
which  in  a  peculiar  way  challenges  his  ambition,  and  appeals  to  his 
loyalty  toward  his  alma  mater.  It  is  not  that  Illinois  lacks  oppor- 
tunities or  inspiration  for  great  work,  or  that  the  work  at  Yale 
will  be  more  attractive,  but  it  is  the  call  of  New  England  and  of 
"Sheff."  From  a  decision  thus  carefully  reached  and  honestly 
sustained,  there  is  obviously  no  appeal.  The  only  response  that 
can  be  given  by  his  friends  at  Illinois  must  be  characterized  by  the 
same  generous  spirit  that  Professor  Breckenridge  has  always  ex- 
tended to  all  of  his  University  associates.  We  can  do  no  less  than 
to  accept  his  judgment,  to  rejoice  with  him  in  the  fullness  of  his 
opportunity,  and  to  wish  for  him  the  best  that  "Sheff"  can  give. 
For  ourselves,  we  have  the  satisfaction  of  knowing  that  Pro- 
fessor Breckenridge  will  continue  at  Illinois  until  September  next. 
It  goes  without  saying  that  in  the  interval,  provisions  will  be  made 
to  cover  every  interest  which  will  be  affected  by  his  going.  We 
shall  not  find  another  Professor  Breckenridge,  for  that  will  be  im- 
possible ;  but  we  shall  belittle  ourselves  and  discount  the  value  of 
the  complex  and  resourceful  organization,  which  Professor  Breck- 
enridge has  helped  to  build  up,  if  we  feel  that  the  work  of  the 
college  is  to  lose  in  effectiveness  by  such  a  change,  or  that  any  real 
interest  will  be  permitted  to  go  unprotected. 

W.  F.  M.  Goss, 
March  24,  1909.  Dean  of  the  College  of  Engineering. 
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THE  ILLINOIS  EXGLXEERLXG  EXPERIMENT  STATIOX. 


L.  P.  Breckexridge,  Ph.  B. 
Professor  of  Mechanical  Engineering  and  Director  of  the  Station. 


The  Engineering  Experiment  Station  of  the  University  of 
lUinois  was  estabhshed  by  action  of  the  Board  of  Trustees,  Decem- 
ber 8,  1903,  in  connection  with  the  College  of  Engineering. 

There  were  two  influences  which  led  to  its  establishment ;  first, 
a  demand  from  the  industrial  interests  of  the  State  for  scientific 
experimentation  relating  to  manufacturing  process,  fuel  economies, 
and  transportation  problems ;  second,  the  very  great  success  attend- 
ing the  work  of  the  Agricultural  Experiment  Station  at  the  L'ni- 
versity  which  made  it  evident  that  a  similarly  successful  career 
ought  to  be  possible  for  an  engineering  experiment  station.  It  is 
very  evident  from  the  work  which  has  now  been  accomplished  by 
our  Station  and  the  many  helpful  things  it  has  done  for  the  indus- 
tries of  the  state,  that  no  mistake  was  made  in  establishing  such  a 
station. 

Orgaxizatiox'.  The  control  of  the  Engineering  Experiment 
Station  is  vested  in  the  heads  (9)  of  the  several  departments  of 
the  College  of  Engineering.  These  constitute  the  Station  Stafif, 
and  with  the  Director,  determine  the  character  of  the  investigations 
to  be  undertaken.  The  investigations  are  carried  on  by  the  members 
of  the  Staff  directly,  by  fellows  as  graduate  work,  by  members  of 
the  instructional  force  of  the  College,  and  by  special  investigators 
belonging  to  the  Station  corps. 

Plan  and  Scope.  It  is  the  purpose  of  the  Station  to  carry 
on  investigations  along  various  lines  of  engineering,  and  to  make 
studies  of  problems  of  importance  to  professional  engineers,  and  to 
the  manufacturing,  mining,  railway,  constructional  and  industrial 
interests  of  the  State.  It  is  believed  that  this  experimental  work 
will  result  in  contributions  of  value  to  engineering  science  and  to  the 
industries  of  the  state  and  that  the  pursuit  of  such  investigations 
will  give  inspiration  to  students  and  add  to  the  value  of  the  instruc- 
tional work  in  the  College  of  Engineering. 

Reports  Published.  The  results  of  the  investigations  made 
are  published  in  the  form  of  bulletins  which  record  mostly  the  ex- 
periments of  the  Station's  own  staff  of  investigators.  There  are 
also  issued,  from  time  to  time,  circulars  and  compilations  giving 
the  results  of  the  experiments  of  engineers,  industrial  works,  tech- 
nical institutions  and  governmental  testing  departments.  The  bulle- 
tins of  the  Station  are  distributed  among  the  engineers  and  man- 
ufacturing interests  of  the  state  of  Illinois,  to  libraries  and  the  tech- 
nical press  of  the  country  and  to  such  special  organizations  as  are 
practically  interested  in  the  subject  matter  discussed  by  individual 
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T3ulletins.  Already  there  have  been  pubHshed  thirty  of  these  bulle- 
tins, and  from  live  to  twenty  thousand  copies  of  each  one  have  been 
distributed. 

All  graduates  of  the  College  of  Engineering  are  placed  on  the 
"all-bulletin"  mailing  list  and  undergraduates  may  secure  the  bulle- 
tins at  the  office  of  the  Director.  At  present  about  one-half  of  the 
bulletins  printed  are  sent  to  residents  of  Illinois,  the  other  half  are 
sent  to  residents  of  other  states  and  foreign  countries.  That  the 
work  of  the  Station  is  fully  appreciated  by  engineers,  manufacturers 
and  others  is  shown  by  the  hundreds  of  congratulatory  letters  re- 
ceived by  the  station  as  well  as  by  the  very  considerable  space 
given  in  the  best  technical  papers  to  the  reproduction  of  its  papers 
and  to  favorable  editorial  comment.  It  is  particularly  desired  that 
the  bulletins  of  the  Station  should  be  received  by  all  persons  in 
Illinois  interested  in  the  numerous  problems  which  connect  its  many 
industrial  activities  with  the  researches  of  engineering  and  applied 
science,  such  as  manufacturing,  mining,  railway  transportation; 
the  chemistry  and  heat  values  of  Illinois  fuels;  coal  consumption  in 
boiler  furnaces,  in  gas  producers,  or  in  residence  heating  furnaces ; 
the  strength  of  materials  used  in  building  engineering  structures; 
the  strength  of  concrete  both  plain  and  reinforced;  the  durability 
of  road  material;  the  flow  of  water  in  pipes,  conduits  and  channels; 
the  sanitary  problems  of  industrial  corporations  and  municipalities; 
the  generation,  transmission  and  use  of  electricity;  the  problems  of 
architectural  construction,  roof  trusses,  columns,  base  plates,  piers 
and  foundations ;  the  cost  of  power  and  the  problems  of  heating 
and  ventilation  ;  the  problems  of  heat  transmission,  radiation  and 
absorption ;  the  problems  of  speech-  and  signal-transmission  and 
many  other  problems  which  the  above  enumeration  will  suggest. 

In  the  wise  distribution  of  the  publications  of  the  Station,  the 
engineering  graduate  may  be  most  helpful  and  he  should  request 
that  bulletins  be  sent  to  such  persons  as  he  knows  would  use  and 
appreciate  them.  There  are  in  Illinois  about  one  hundred  fifty 
public  libraries  and  these  all  receive  our  bulletins.  They  should  be 
urged  to  preserve  their  copies,  as  many  of  the  earlier  numbers  are 
now  out  of  print  and  are  not  easily  procured.  The  demand  for 
several  of  our  bulletins  was  so  much  greater  than  anticipated  that 
it  was  found  necessary  to  print  a  second  edition.  • 

Relation  to  and  Influence  upon  Educational  Work..  It 
was  our  thought  at  the  outset  that  the  pursuit  of  definite  experimen- 
tal work  would  give  inspiration  to  our  students  and  add  to  the 
value  of  the  instructional  work  of  the  college  of  engineering.  We 
have  found  this  to  be  true.  The  work  of  the  Station  has  had  a 
marked  efl^ect  in  strengthening  our  instructional  work.  The  con- 
tact with  scientific  experimentation  and  the  methods  of  presenting 
the  results  in  carefully  prepared  bulletins  is  a  most  helpful  factor 
in  the  training  of  the  young  engineer.     It  is   impossible   for   our 
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experimental  work  to  go  on  without  attracting  the  attention  of  our 
students.  The  work  must  be  carefully  and  accurately  done;  the 
preparation  of  charts  and  diagrams  and  the  checking  and  rechecking 
of  results  and  computations  involve  extreme  care  and  accuracy.  The 
fact  that  students  see  how  problems  are  taken  up,  how  they  are 
solved,  and  the  whole  work  satisfactorily  presented,  is  perhaps  the 
greatest  single  educational  gain  to  them.  They  live  in  an  atmosphere 
of  research  which  they  unconsciously  absorb.  They  realize  that 
failure  to  contribute  each  particular  assignment  with  accuracy  may 
result  in  the  failure  of  the  entire  experiment.  While  the  investiga- 
tions are  carried  on  by  the  experts  of  the  Station,  there  is  abundant 
opportunity  to  make  real  use  of  student  help  in  many  tests  and 
computations.  The  chance  to  participate  in  many  of  the  tests  is 
appreciated  and  eagerly  sought  by  the  students.  They  are  inter- 
ested in  the  direct  application  of  theoretical  principles  to  the  solution 
of  practical,  everyday  engineering  problems.  This  illustrates  the 
old  pedagogical  principle  that  when  students  are  permitted  to  take 
part  in  real  activities,  they  are  more  alert,  interested  and  accurate 
than  when  merely  carrying  on  exercise  tests. 

Some  institutions  have  recently  dropped  the  thesis  requirement 
This  appears  to  be  an  unfortunate  move.  It  has  probably  been 
caused  by  large  classes  and  insufficient  help  and  facilities.  In  the 
work  of  this  Station  many  subjects  relating  to  researches  in  progress 
are  capable  of  preliminary  investigations  as  thesis  work,  and  stu- 
dents pursue  this  work  with  unusual  care  and  attention.  Students 
are  also  greatly  benefited  by  conferences  with  and  lectures  by  our 
special  investigators  who  are  always  in  readiness  to  advise  students 
along  the  line  of  their  particular  problems. 

Encouragement  and  aid  are  freely  given  to  members  of  the 
instructional  force  who  desire  to  take  up  some  line  of  research. 
In  this  way  much  excellent  work  is  done  which  necessarily  reacts 
on  the  quality  of  class  instruction,  and  at  the  same  time  proves  a 
source  of  development  and  broadening.  This  work  serves  to  keep 
us  all  in  close  touch  with  outside  engineering  interests  and  practical 
everyday  problems  in  the  industrial  world.  While  our  bulletins 
record  mostly  the  results  of  the  Station's  o\i'n  staff  of  investigators, 
there  is  also  the  publication  of  circulars,  giving  compilations  of  the 
results  of  important  experiments  by  engineers,  industrial  works, 
technical  institutions  and  governmental  testing  departments.  This 
opens  up  opportunities  for  our  instructors  who  cannot  undertake 
purely  experimental  work. 

Each  head  of  a  department  in  the  College  of  Engineering,  being 
an  active  member  of  the  Station  Staff,  is  constantly  on  the  alert 
to  detect  the  possibilities  of  important  lines  of  work  and  also  to 
study  the  adaption  of  certain  men  to  certain  lines  of  work  and  to 
the  possibility  of  developing  investigators  from  our  present  body 
of  students  and  instructional  force.     While  it  may  be  true  that  the 
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general  investigator  and  experimenter,  like  the  poet,  is  born  and 
not  made,  still  much  may  be  done  to  develop  the  spirit  of  investi- 
gation. This  in  itself  is  always  an  element  of  true  teaching  and 
the  awakening  of  a  more  general  spirit  of  investigation  would  un- 
doubtedly be  an  element  of  strength  in  all  our  educational  work. 

The  facilities  of  the  Station  for  research  have  made  it  possible 
to  do  real  graduate  work,  and  the  action  of  the  trustees  in  pro- 
viding for  ten  research  fellowships  in  the  College  of  Engineering 
of  an  annual  value  of  $500  will  be  a  distinct  gain  to  advanced  en- 
gineering education.  The  rapid  growth  of  the  Graduate  School  of 
the  University  is  also  proving  most  helpful  to  the  interests  of  the 
Engineering  Experiment  Station  and  an  increasing  number  of 
scholarships  and  fellowships  in  this  department  is  to  be  expected. 

Facilities  and  Funds.  In  carrying  on  the  activities  of  the 
Engineering  Experiment  Station,  there  is  necessary  a  large  amount 
of  equipment  of  various  kinds  suitable  for  investigational  purposes. 
The  regular  equipment  provided  for  instruction  in  the  College  of 
Engineering  has  largely  been  used  for  these  investigations,  supple- 
mented by  the  purchase  of  special  apparatus  necessary  for  special 
researches  in  the  Engineering  Experiment  Station.  After  an  inves- 
tigation has  been  concluded,  the  apparatus  used  becomes  a  part  of 
the  equipment  of  the  department  to  which  it  most  naturally  belongs. 
The  item  of  expense  for  equipment,  therefore,  does  not  enter  into 
the  general  expenses  of  the  Engineering  Experiment  Station.  (The 
value  of  this  total  equipment  in  the  College  of  Engineering  is  now, 
January,  1909,  about  $225,000.) 

The  funds  expended  in  carrying  on  the  investigations,  already 
completed  and  now  in  progress,  have  been  during  the  last  five  years 
a  little  over  $150,000,  making  an  annual  expenditure  of  about 
$30,000. 

The  existence  of  the  Engineering  Experiment  Station  at  the 
University  makes  it  possible  to  utilize  to  great  advantage 

(i)     The  library  facilities  of  the  University 

(2)  The  continual  extension-  of  the  equipment  of  the  various 
departments  of  the  College  of  Engineering 

(3)  The  helpful  suggestions  and  direct  cooperation  of  other 
scientific  departments  at  the  University  outside  of  the  College  of 
Engineering. 

With  these  three  aids  the  expenditure  of  our  funds  is  bound 
to  result  in  much  larger  returns  than  would  be  possible,  otherwise. 

During  the  first  years  of  the  Station's  existence  sufficient  funds 
were  available  to  carry  on  the  work  which  the  Staff  deemed  it  wise 
to  undertake,  but  during  the  last  two  years  the  funds  have  been 
entirely  inadequate  to  carry  forward  with  sufficient  rapidity  the 
work  already  started  and  many  important  lines  of  investigation  de- 
manded by  several  industrial  interests  of  the  State  have  been  neces- 
sarily postponed.     The  Station  is  continually  in  receipt  of  requests 
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to  furnish  help  on  special  problems  of  importance  to  our  industries 
which  it  must  refuse  for  lack  of  funds.  When  the  industries  really 
awake  to  the  possible  economies  which  may  be  expected  as  the  result 
of  the  investigations  of  the  Station,  then  much  larger  funds  will 
undoubtedly  be  appropriated  for  conducting  the  work  of  the  Station. 
There  are  as  yet  comparatively  few  persons  who  appreciate  the 
position  occupied  by  Illinois  as  an  industrial  center,  and  in  the  inter- 
ests of  the  future  needs  of  the  Engineering  Experiment  Station, 
every  effort  should  be  made  to  advertise  the  facts  which  relate  lo 
Illinois  industries.  A  few  statements  relating  to  this  important  mat- 
ter are  as  follows : 

(a)  The   population   of   Illinois   is   about   5,500.000  which   is 
approximately  1-14  of  the  population  of  the  United  States. 

(b)  Illinois    stands    second    in   the   value   of   its    agricultural 
products,  for  1908  the  value  being  about.  .  .  .$550,000,000 

(c)  Illinois   stands   third    in   the   value   of   its   manufactured 
products,  for  1908  the  value  being  about.  .$1,600,000,000 

(d)  Illinois  stands  second  in  tons  of  coal  produced,  the  value 
of  this  product  for   1908  being  about   (51,000,000  tons) 

$54,000,000 

(e)  Illinois  stands  second  in  barrels  of  oil  produced,  the  value 
of  this  product   for   1908  being  about   (40,000,000  bbls ) 

$24,800,000 

(f)  Illinois  stands  second  in  miles  of  railroad  the  number  of 
miles  in  1906  being  about  12,000. 

(g)  The  value  of  the  mineral  products  of  Illinois  for   1908 

which  included  coal  and  oil,  was  about $150,000,000 

an  increase  of  65  per  cent  since  1905. 

(h)     The  capital  invested  in  the  thirteen  leading  industries  in 

Illinois  is    ( 1906) $600,000,000 

in  the  remaining  industries    375,000,000 

making  a  grand  total  of $975,000,000 

This  amount  is  now  (  1909  )  doubtless  about  $1,200,000,000 
Future  \\'ork  of  the  Station.  There  are  at  present  fully 
forty  persons  doing  some  work  for  the  Station ;  of  this  number  onh- 
thirty  are  devoting  all  of  their  time  to  the  station  work,  the  remain- 
der giving  a  part  of  their  time  to  its  interests.  There  are  now 
(March,  1909)  in  progress  fifty-six  different  investigations  which 
could  doubtless  be  grouped  under  ten  general  heads.  There  are 
now  fully  one-hundred  available  investigations  waiting  for  an  op- 
portunity to  be  started  and  for  funds  for  carrying  forward,  such 
as  a  preliminary  survey  proves  to  be  worthy.  There  will  always 
be,  for  a  station  like  Illinois,  a  continually  increasing  need  of  such 
investigations  as  are  planned  to  be  made  by  the  Engineering  Ex- 
periment Station.  The  Station  is  growing  to  be  a  Public  Service 
Research  Laboratory  in  the  realm  of  applied  science  just  as  it  was 
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originally  intended  it  should  be,  and  the  results  of  its  experiments 
will  surely  add  to  the  wealth  of  the  State,  to  the  prosperity  of  the 
industries  and  to  the  health  and  comfort  of  its  people.  While  this 
article  can  not  give  in  detail  the  list  of  its  experiments  in  progress 
and  proposed,  it  may  be  well  to  indicate  in  a  general  way  what  are 
some  of  the  problems  which  should  evidently  be  given  a  prominent 
place  in  the  future  work.    Such  a  list  follows : 

1.  The  determination  of  the  strength  of  materials  used  in  con- 
structive engineering  work.  A  verv  large  and  important 
field. 

2.  A  study  of  municipal  water  supply  and  sewage  disposal  as 
affecting  public  health. 

3.  A  study  of  the  best  methods  of  using  economically  the  fuels 
of  the  state,  not  only  for  the  production  of  power,  but  for 
the  heating  of  buildings,  metallurgical  purposes,  etc. 

4.  Use  of  Illinois  coal  in  the  gas-producer  and  gas  engine. 

^.  Utilization  of  oil  products  for  economical  and  industrial 
purposes. 

6.  Economic  production  and  use  of  steam. 

7.  A  study  of  the  development,  safety  and  economical  use  of 
the  machinery  and  appliances  used  in  mining  operations. 

8.  A  study  of  the  development  and  economic  production  of 
manufactured  products. 

9.  A  study  of  the  economic  construction  and  maintenance  of 
roads. 

10.  A  study  of  the  properties  and  strength  of  fabricated  articles, 
such  as  bridges  and  frame  work  of  important  engineering 
machines  and  structures. 

11.  Generation,  transmission  and  utilization  of  electrical  energy. 

12.  A  study  and  investigation  of  the  economic  and  satisfactory' 
methods  of  telephony. 

13.  A  study  of  the  problems  of  economic  transportation  of  ma- 
terials by  rail  and  water.  A  very  large  field  and  rich  in 
problems. 

With  such  a  program  it  is  plain  that  the  work  of  the  Engineer- 
ing Experiment  Station  can  not  end  so  long  as  the  industries  of  the 
State  are  to  progress  and  develop,  so  long  as  the  fuel  problems  of 
the  State  continue  to  play  such  a  prominent  part  in  industrial  and 
in  domestic  use,  so  long  as  transportation  by  steam,  by  electricity 
and  by  water  continues  to  expand  or  so  long  as  a  knowledge  of  the 
strength  of  materials  continues  to  play,  as  it  always  will,  such  a  vital 
part  in  the  construction  of  engineering  works,  the  erection  of  state 
and  private  buildings,  and  the  design  and  construction  of  all  manner 
and  kinds  of  manufactured  products  which  our  complex  civilization 
now  demands. 
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STABILITY    OF    ^lASONRY    AGAINST    OVERTURNING. 


W.  C.  Johnson,  C.  E.,  '09. 


In  discussing  the  stability  against  overturning  of  retaining  walls, 
dams,  voussoirs  of  arches,  foundation  blocks,  and  similar  bodies, 
most  treatises  on  masonry  construction  are  in  error  to  some  extent. 
There  are  two  ways  by  which  such  stability  may  be  determined : 
nameh',  algebraic  and  graphic.     Algebraicall}-,  the  factor  of  safety 

,              .                  RESISTING  MOMENT 
agamst  overturning   is  the  ratio   '■ —  ,   = 

*'  *  OVERTURNING  MOMENT 

MOMENT,  ABOUT  THAT  EDGE  OF  BODY  WHERE  ROTATION  MAY  OCCUR,  OF 
FORCES  RESISTING  OVERTURNING 

MOMENT,  ABOUT  SAME  EDGE,  OF  FORCES  TENDING  TO  CAUSE  OVERTURN- 
ING. 

This  factor,  found  in  the  other  manner,  is  the  ratio  between  two 
certain  intercepts,  upon  the  examined  base  of  a  section  of  the  body, 
cut  by  graphically  found  resultants  of  all  forces  acting  on  the  body. 
The  graphic  method  is  intended  to  yield  the  desired  result,  along 
with  graphic  solution  of  other  features  of  problems,  without  the 
extra  labor  of  the  computations  involved  in  the  algebraic  solution. 
Whether  or  not  such  labor  saving  may  be  effected  in  many  cases,  re- 
mains to  be  seen.  As  both  methods  are  presented  in  standard  works 
on  the  subject,*  only  the  graphic  is  questioned,  the  algebraic  being 
so  simple  that  it  does  not  admit  of  question  or  of  variet}'  in  treat- 
ment. 

Attempting  the  graphic  solution,  some  authors  state,  without 
qualification,  that  the  factor  of  safety  is  to  be  expressed  always  as 
the  ratio : 

HAEF  WIDTH  OF  BASE  OF  SECTION  UNDER  EXAMINATION 
DISTANCE  FROM   MIDDLE  OF  BASE  TO  POINT  WHERE  RESULTANT  OF  ALL 
ACTING  FORCES   CUTS  BASE: 

i.  e., in  Figs,  i  and  2.     This  is  true  under  certain  conditions 

c 

only,  these  conditions  being  that  the  body  bE  symmetrical  about 

AN  axis  normal  TO  THE  BASE,  and  THAT  THE  COMPONENT,  NORMAL 
TO   THE   BASE,   OF   THE   RESULTANT   OF   ALL   FORCES   ACTING,    COINCIDE 

WITH  SUCH  AXIS.  In  no  work  heretofore  has  the  writer  found  an 
expression  for  the  factor  sought,  in  terms  of  graphic  functions,  cor- 
rectly fitting  every  condition  as  to  shape  of  body  and  direction  of 
applied  forces — considering  only  plane  bases,  and  granting,  of 
course,  that  the  intensities  and  points  of  application  of  the  forces 
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PLATE    I 


Fig.  1 


Fig.  2 
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are  properly  taken,  as  we  are  not  here  discussing  the  uncertainties  of 
loads  on  arches,  retaining  walls,  etc.  A  relation  true  for  all  cases, 
as  lately  deduced  by  the  writer,  is 

DISTANCE   FROM    EDGE  OF  ROTATION   TO   POINT   WHERE   RESULTANT   OF 

ALL    NORMAL    COMPONENTS    OE   FORCES    CUTS    BASE 

DISTANCE  FROM   POINT  WHERE  RESULTANT  OF  ALL  FORCES   CUTS  BASE 

TO  POINT  WHERE  RESULTANT  OF  NORMAL  COMPONENTS  OF 

ALL  FORCES  CUTS  BASE. 
X 

i.  e.,  —  in  all  figures  shown  herewith.     Following  is  the  derivation 

d 
of  this  real  factor  of  safety  against  overturning. 

Each  figure  represents  a  body,  resting  on  its  lower  base  A  B, 
acted  upon  by  an  external  thrust,  T,  and  by  its  own  weight,  W. 
Stability  against  overturning  of  body  about  edge  A  is  to  be  deter- 
mined. 

Nomenclature  for  both  figures  is  viz : 

Tp  =  Component  of  T    parallel  to  A  B 
T„  :=  Component  of  T  normal  to  A  B 
Wp  -.=  Component  of  W  parallel  to  A  B 
Wn  =  Component  of  W  normal  to  A  B 
Rp  =  Resultant  of  Tp  and  Wp 
R„  =:  Resultant  of  T,j  and  Wn 
R    =  Resultant  of  T    and  W,    and  of  Rp  and  R„. 
Nomencalture  of  distance   is  self-evident. 
Now,  the  factor  sought  is 


W„  .  x„  +  T„  .  xj        R„ 


Wp  .  y^^,  +  Tp  .  yt        Rp  . 

y 

y  = 

r  R„  .  d 

.  •.  Factor  = — r,"     '^     = 
K„  .  a 

X 

"d 

But  R. 


Examples  will  now  be  given  showing  the  error,  under  certain 
conditions,  of  the  first  given  expression  for  graphic  application,  and 
the  correctness,  at  all  times,  of  the  expression  just  derived.  Dams 
of  various  shapes  best  serve  our  purpose,  owing  to  the  character  of 
liquid  pressure.     Since,  in  some  writings,  stress  is  placed  upon  the 

supposed  relation  when  the  total  resultant  strikes  the  edge  of 

c 

the  middle  third  of  a  rectangular  base,  thus  making  the  foregoing 
expression r=  3.  all  the  following  examples  are  so  chosen  as  to 
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have  this  condition  fulfilled ;  the  solutions  show  how  widely  the 
factor  of  safety  against  overturning  may  vary,  though  the  relation 
last  named  be  the  same  in  all  cases. 

Each  figure  represents  a  section,  one  foot  in  breadth,  of  a  dam 
having  water  full  height  on  the  right  side. 

Factors  of  stability  against  overturning,  in  both  algebraic  and 
graphic  terms,  are  viz : 

^      ^.  121  500  X   12 

For  Fig.  ^.      ~ =  -^.00 

"   "^        40  500  X  12 

X  12 

—-=  —  =  3.00 
d          4 

^      ^.  60  750  X  16 

For  Fig.  4.      — ^-^ — ^^ =  2.00 

^  40  500  X  12 


X    16 

"d  ~  ~  T 


=  2.00 


For  Fig.  V ~ =  4.25 

*=    ^^  40  500  X  12 


X 


=  -ii^  =  4. 


d         3.69 
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For  Fig  6.      76900X12.75+11800X22^ 
"^  40  500  X  12 

X  13.98 

~=  =:   2.  S5 

d         5.48 

These  citations  render  clear  that,  except  for  symmetric  bodies 
with  section  like  Figs.  3  and  4,  subject  to  no  forces  normal  to  the 
base  other  than  their  own  weight,  the  mere  position  of  the  total 
resultant  on  the  base  tells  nothing  about  the  overturning  stability, 
and  that,  for  other  shaped  bodies  the  graphic  solution  of  the  prob- 
lem is  likely  to  be  no  shorter  than  the  algebraic  solution.  They 
show,  too,  that  the  total  resultant  pressure  may  cut  the  edge  of  the 
middle  third  of  the  base,  and  yield  a  factor  of  from  2  to  5  for 
ordinary  forms  of  dams  and  retaining  walls.  With  other  shapes  of 
bodies  and  other  inclinations  of  acting  forces,  the  factor  might  be 
almost  anything.  Therefore,  the  writer  contends  that  the  only  use 
made  of  the  graphic  fixing  of  resultant  upon  base  line  should  be 
that  of  stress  distribution  especially  for  the  condition  with  respect 
to  the  third  points.  If  a  resultant  pressure  falls  within  the  middle 
third  of  a  rectangular  base,  or  the  middle  quarter  of  a  circular  base, 
we  know  that  no  tension  or  lifting  exists  on  the  side  of  the  base 
farther  from  the  point  struck ;  if  the  resultant  strikes  the  limit  of 
such  division,  we  know  that  unit  pressure  at  the  near  edge  is  twice 
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what  it  would  be  were  the  normal  pressure  uniformly  distributed, 
and  that  zero  pressure  exists  at  the  far  edge;  and  if  the  resultant  is 
outside  the  middle  division,  we  know  that  the  maximum  unit  pres- 
sure at  the  near  edge  is  greater  than  the  amount  last  specified  for 
that  edge  and  that  the  other  edge  is  in  tension,  if  tension  can  exist, 
or  is  lifted  ofif  the  support  for  the  base:  in  any  case  the  stresses  may 
be  determined,  from  scalar  data,  by  methods  the  discussion  of  which 
is  aside  from  the  purpose  of  this  article.  These  matters  are  discussed 
at  this  length  only  to  show  that,  as  the  position  of  resultant  pressure. 
on  the  base  of  a  body  always  tells  directly  something  about  maximum 
unit  pressure,  but  seldom  tells  directly  anything  about  stability 
against  overturning,  a  graphical  determination  of  this  stability  is  not 
often  advisable,  or  of  value.  Further,  since  any  failure  of  a  body 
so  subjected  is  most  liable  to  be  by  crushing  rather  than  by  over- 
turning for  we  may  have  a  high  factor  of  stability  against  overturn- 
ing and  yet  have  dangerous  stress  in  the  case  of  a  body  with  section 
such  as  Fig.  5,  and  since  overturning  cannot  occur  if  resultant  comes 
at  all  within  the  limits  of  the  base,  it  is  here  contended  that  when 
graphic  analysis  finds  the  resultant  within  such  limits  all  reference 
to  stability  against  overturning  might  well  be  omitted  from  the 
treatment  of  ordinary  structures,  and  safety  against  crushing  and 
sliding  alone  be  made  the  criteria  of  investigation. 
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SOME  ORIENTAL  NOTES. 


Stanley  G.  Cutler,  C.  E.,  '08. 

It  is  often  said  that  the  chief  end  of  travel  is  to  broaden  one. 
The  writer  often  deplored  the  fact,  in  the  past,  that  his  work  never 
took  him  outside  of  Chicago,  or,  at  any  rate  of  Illinois,  and  it  was 
largely  the  opportunity  oftered  to  see  the  Orient,  which  decided  him 
to  take  the  examination  for  Civil  Engineer  in  the  Philippine  service. 
The  knowledge  that  one  is  earning  half  pay  for  every  day  of  sight 
seeing,  and  having  all  expenses  paid  in  addition,  is  no  drawback  to 
the  complete  enjoyment  of  new  sights. 

At  about  ten  o'clock  in  the  morning  of  July  23rd,  ,1908,  the 
"Aki  Maru"  drew  up  at  the  wharf  in  Yokohama,  the  principal  sea- 
port of  Japan,  and,  after  fifteen  days  of  tossing  green  waves,  the 
wonders  of  the  Orient  were  open  to  us.  Although  it  was  raining  we 
lost  no  time  in  spilling  out  onto  the  dock,  and  followed  by  the  ever 
watchful  eyes  of  the  harbor  inspectors,  entered  the  city  and  hired 
jinrickishas,  after  being  almost  pulled  to  pieces  by  rival  cabmen. 

The  writer's  most  constant  companions  in  Japan  were  Buell,  a 
Purdue  E.  E.,  a  member  of  Tau  Beta  Pi,  who  was  about  to  take  a 
commission  as  lieutenant  in  the  constabulary,  Stewart,  a  recent 
graduate  of  Bloomington  Normal,  billed  to  the  Bureau  of  Education, 
and  West,  of  Brown  University,  the  only  other  engineering  ap- 
pointee on  our  ship. 

Yokohama  has  a  fair  street  car  systeml,  with  an  interurban  line 
connecting  it  to  Tokio,  the  capital  of  the  empire.  The  latter  place 
has  an  excellent  system  with  well  formulated  transfer  service,  the 
lines  running  across  the  city  from  end  to  end,  as  in  Champaign,  One 
fare,  inside  the  city  limits  is  four  sen,  or  two  cents  gold,  of  which 
the  government  receives  one-half  sen.  The  fifteen  mile  ride  between 
the  seaport  and  the  capital  costs  19  sen  or  9^  cents.  The  cars  are 
smaller  than  the  ones  we  use,  the  interurbans  being  the  only  ones 
equipped  with  double  trucks  and  the  ordinary  street  cars  being  of  a 
type  long  since  discarded  in  America.  They  are  dirty,  and  crowded 
most  of  the  time  by  Japs  in  every  state  of  transition  between  primi- 
tive nativeness  and  complete  Europeanization. 

All  Japanese  lines  are  equipped  with  the  double  trolley  system, 
and  the  citv  lines  are  arranged  with  loops  at  their  ends  so  that  the 
poles  need  not  be  reversed.  The  gage  is  American  standard.  The 
city  cars  make  very  fair  speed,  but  the  interurbans  seem  at  no  time 
to  exceed  20  or  25  miles  an  hour. 

The  universal  method  in  all  modes  of  transportation  is  to  give 
receipts  vv'ith  the  fare,  which  are  collected  at  the  end  of  the  ride. 
What  penalty  is  attached  to  losing  this  slip  was  not  determined. 
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After  we  had  ridden  a  way  into  Tokio,  the  crowding  became 
unbearable.  Men  and  women  seemed  to  be  about  on  the  same  basis, 
but  once  in  a  while  the  latter  gave  up  their  seats  to  the  former.  No 
one  ever  moves  over  to  make  room,  but  if  one  enters  and  thinks 
there  should  be  room  between  two  seated  passengers,  he  waves  his 
hand  at  them,  then  promptly  sits  down  between  them,  or,  if  they 
are  slow,  upon  them.  These  customs  being  strange  to  American 
strap  hangers,  we  felt  ill  at  ease,  so  got  off  and  found  ourselves  far 
from  any  base  of  communication,  i.  e.,  'ricksha  men,  so  wandered  on 
on  foot,  in  the  frying  sun. 

One  of  the  impressive  sights  in  Tokio,  which  might  well  be  de- 
scribed in  books  on  masonry  construction  and  stereotomy  is  the 
great  wall  around  the  Imperial  Palace  grounds.  The  fact  that  al- 
most all  Japanese  masonry  is  laid  in  diagonal  courses,  makes  stone 
cutting  a  much  more  difficult  art  than  it  is  in  the  states.  Whether 
those  blocks  of  stone,  as  large  as  a  small  house  were  cut  in  place  or 
not  was  not  determined,  but  at  any  rate  the  section  of  the  w^all  is 
verv  intricate,  and  the  building  of  watch  towers  at  intervals  makes 
angles  frequent. 

This  class  of  masonry  construction  looks  most  irrational  at  first 
glance,  but  it  must  be  remembered  that  earthquake  shocks,  at  the 
point  of  maximum  intensity,  consist  in  either  horizontal  or  vertical 
movements,  and  that  the  element  of  danger  lies  in  their  tremendous 
impact  force,  capable  of  breaking  the  strongest  bond  as  a  swift  blow 
with  an  ax  w^ill  cut  through  a  heavy  limb.  There  are,  therefore,  two 
solutions  presented  to  the  architect — either  to  make  his  construction 
so  elastic  that  it  will  give  before  the  shock,  or  to  offer  the  largest 
possible  resisting  area  to  it,  the  latter  method  being  brought  about 
by  the  diagonal  coufSing,  which  evidently  will  cause  the  stones  to  be 
lapped  in  relation  to  the  direction  of  the  force. 

The  other  method  of  defeating  the  shocks  is  illustrated  in  lighter 
construction.  The  materials,  of  course,  are  bamboo,  pine,  and  rattan, 
easily  capable  of  bending,  and  tension  connections  are  almost  wholly 
avoided,  some  of  the  older  buildings  being  entirely  without  nails. 
The  foundations  generally  consist  of  individual  stone  blocks,  on 
which  rest  the  rounded  ends  of  the  building  posts.  Thus,  while  the 
whole  structure  may  be  displaced  and  thrown  about  considerably, 
there  is  no  danger  of  tension  fractures  with  vertical  disturbances,  or 
flexure  with  horizontal  shocks. 

There  is  a  general  idea  in  the  states  that  a  modern  Japanese 
citv  presents  the  same  appearance  as  those  at  home,  but  nothing  is 
further  from  the  case.  Their  sky  lines  are  uniformly  low^,  seismic 
disturbances  limiting  the  height  of  the  buildings  to  two  or  three 
stories.  A  few  of  the  government  buildings  are  massive  stone  af- 
fairs, in  W'hich  the  greatest  care  is  taken  in  jointing,  although  very 
few  diagonal  courses  are  seen  in  building  construction. 

Later  on  we  found  'rickshas.     The  idea  that  everyone  in  Japan 
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speaks  English  is  a  snare  and  a  delusion.  One  generally  makes  con- 
tracts with  the  'ricksha  men  by  means  of  an  open  watch  and  hand- 
ful of  change.  The  price  is  usually  determined  by  the  workability 
of  the  passenger — an  average  amount  is  50  sen  an  hour  in  Tokio, 
and  20  sen  an  hour  in  the  other  large  cities.  Our  men  took  us  into 
the  Imperial  Palace  grounds,  in  which  there  are  some  miarvelous 
examples  of  Cyclopean  masonry.  The  moat  about  the  inner  grounds 
is  filled  by  the  w^aters  of  a  small  river,  which  falls  over  great  artificial 
falls  and  rapids  and  is  crossed  by  one  masonry  arch  bridge  of  most 
beautiful  design.  We  attempted,  with  American  presumption,  to 
enter  the  Holy  of  Holies,  but  were  warned  away  at  the  point  of  the 
bayonet. 

We  returned  to  Yokohama  on  the  railway.  The  fare  was  45 
sen,  or  22y2  cents  second  class.  -  There  is  great  difference  between 
first  and  second  class  accommodations  ;  first  class  cars  are  white  and 
second  class  are  blue.  The  engines  are  of  the  type  used  on  the  Illi- 
nois Central  lines  in  Chicago,  with  four  drivers  and  two  pilot  wheels. 
They  burn  the  softest  slack  and  smoke  profusely.  The  train  divisions 
are  about  thirty  miles — an  hour's  run.  The  first  and  second  class 
coaches  are  double  trucked  ^yith  end  entrances,  while  the  third  class 
are  single  trucked,  with  side  doors.  Each  coach  being  very  light, 
the  trains  are  made  up  of  a  great  number  of  themi,  the  Tokio-Yoko- 
liama  express  having  twenty  coaches. 

The  ballast  in  this  part  of  the  line  was  of  cinders,  and  fairly  well 
maintained.  The  slow  speed  of  the  trains  makes  a  block  system  un- 
necessary, and,  as  far  as  we  could  tell,  the  switches  and  signals  were 
all  set  by  hand. 

The  official  railway  gage  in  Japan  is  3  ft.  6  in.,  which  makes  a 
peculiar  appearance  where  steam  and  electric  lines  cross.  The  gage 
is  sufficient  for  the  present  traffic  and  makes  construction  much 
lighter.  The  average  depth  of  bridge  girders  is  36  inches  and  truss 
bridges  must  have  been  computed  for  about  E  20.  It  is  said  that 
the  narrow  gage  makes  dining  and  sleeping  cars  rather  uncomforta- 
ble. 

Speaking  of  gages  reminds  the  writer  of  an  interesting  conver- 
sation with  an  Australian  gentleman  in  which  he  described  the  still 
existing  "gage  war"  in  the  island  continent.  The  mutual  jealousy 
between  the  colonies  in  the  early  times  caused  them;  to  adopt  differ- 
ent standards,  and  now  they  find  themselves  faced  by  the  problem  of 
frequent  transhipment  of  a  large  amount  of  freight  or  the  condemna- 
tion of  hundreds  of  miles  of  track.  Two  colonies  now  have  5  foot 
gage ;  two,  the  3  ft.  6  in. ;  one  4  ft.  6  in. ;  and  one,  standard  American 
gage.  It  is  evident  something  must  soon  be  done  to  relieve  the 
tension. 

The  last  morning  the  writer  spent  in  Yokohama,  he  took  an 
early  morning  walk.     Coming  to  a  small  commercial  track  strewed 
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with  white  dust,  he  smelt  concrete  in  the  air  and  followed  on.  Soon 
a  "thump!  thump!  thump!"  mingled  with  a  low,  monotonous  chant 
was  heard — suggesting  that  some  betrayer  of  Nippon  military  se- 
crets was  being  executed  to  slow  music.  The  mysterious  sound 
proved  to  be  a  cement  mill,  consisting  of  about  twenty  women  with 
long  narrow  pestles,  which  they  brought  down  into  a  steel  trough 
in  unison,  singing,  meanwhile,  a  succession  of  three  different  notes, 
all  minors.  A  little  ways  further  on  were  very  complicated  molds,, 
in  which  all  sorts  of  ornamental  cornice  blocks  were  being  cast  of 
crushed  stone  concrete. 

On  the  way  out  of  the  harbor  we  got  a  good  view  of  the  de- 
fenses, built  on  a  small  island,  although,  of  course,  there  was  a  strict 
taboo  on  cameras  and  sketch  books. 

After  stopping  at  Kobe  we  moved  on  to  Moji,  through  the  In- 
land Sea — the  pride  of  Japanese  artists,  and  deservedly.  Our  ship 
coaled  at  Moji.  Early  in  the  morning  we  were  surrounded  by  a 
host  of  big  sampans,  swarming  with  half  (or  a  greater  fraction) 
naked  natives.  A  sampan  was  moored  at  each  coaling  port,  and  a 
plank  so  placed  that  a  line  of  men  could  be  formed  from  the  coal 
boats  to  the  ship.  Down  in  the  sampan  several  coolies  scoouped  coal 
into  shallow  baskets,  which  were  passed  up  the  line  and  emptied 
through  the  ports.  Women  worked  side  by  side  with  the  men. 
These  baskets,  filled,  weighed  about  thirty  pounds  and  were  passed 
up  at  the  rate  of  about  one  in  five  seconds.  At  six  o'clock  the  sam- 
pans were  emptied,  the  coolies  stripped  without  the  least  compunc- 
tion and  plunged  into  the  bay  for  their  evening  bath. 

In  this  connection  it  might  be  mentioned  that  coaling  was  done 
somewhat  similarly  in  Hong  Kong,  except  that  two  men  handled  a 
basket  at  a  time,  these  latter  weighing  about  70  pounds.  The  ship's 
oihcers  said  that  this  method  was  cheaper  in  the  Orient  than  any 
form  of  mechanical  bucket  or  scoop,  and  just  as  rapid. 

At  Nagasaki,  West  and  the  writer  made  a  foolish  boast  to  climb 
the  hills  north  of  town,  so  started  out  and  were  at  last  rewarded  by 
a  few  primitive  sights.  The  rice  fields  in  Japan  are  more  highly  cul- 
tivated than  those  in  the  Philippines,  reaching  far  up  the  hill  slopes. 
The  fields  on  the  Nagasaki  hills  were  irrigated  by  mountain  streams, 
which  flow  into  the  highest  ones  and  thence  down  a  series  of 
stepped  paddies  formed  between  stone  dykes.  The  water  was  well 
utilized.  After  irrigation,  water  power,  the  field  drainage  being 
carried  down  in  bamboo  pipes  to  large  wheels,  each  of  which,  being 
supplied  by  three  pipes,  thus  being  overshot,  breast,  and  undershot; 
then  water  supply  for  the  upper  town,  the  women  carrying  it  up  to 
the  houses  in  bamboo  pails,  while  the  little  children  bathe  in  the  wide 
stretches ;  then  sewerage  further  down,  and  by  the  time  it  reaches  the 
sea  it  is  pretty  tired,  bad  smelling  water.    This  method  of  irrigation: 
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makes  the  hills  along  the  Inland  Sea  look  like  piles  oi  green  coursed 
masonry. 

Nagasaki  is  the  coaling  port  for  the  United  States  transports, 
therefore  is  well  supplied  with  saloons  and  other  conveniences  for 
the  jolly  tars.  We  were  not  specially  sorry  to  leave  it.  After  two 
days  on  the  beautiful  China  Sea,  we  reached  Hong  Kong  on  Aug. 
5th,  where  we  remained  two  days. 

The  city  of  Victoria,  Hongkong,  is  surrounded  by  precipitous 
blufifs,  and  the  care  of  the  storm  water  during  typhoons  is  a  very 
difficult  proposition.  The  British  army  engineers  have  built  long 
masonry  storm  water  channels  down  the  sides  of  the  blufT,  at  aver- 
age slopes  of  about  one  tO'  one.  all  converging  in  a  cenrral  basin  or 
series  of  basins  of  concrete,  about  half  way  up  the  hill.  The  water 
is  allowed  to  stand  in  these  settling  basins  till  fairly  clear,  when  it  is 
piped  down  into  the  city  with  a  head  of  about  200  feet.  This  water 
is  not  used  for  drinking  purposes  by  Europeans. 

Road  building  in  Hongkong  presents  some  difficulties,  since, 
to  gO'  to  the  Peak  Hotel  requires  an  ascent  of  1800  feet  in  a  horizon- 
tal distance  of  about  half  a  mile.  This,  of  course,  is  accomplished 
by' see-sawing  the  road  up  the  blufif,  crossing  drainage  ditches  and 
deep  ravines  on  the  way.  Their  final  appearance,  regularly  crowned, 
and  edged  with  little  concrete  storm  channels  is  a  tribute  to  British 
engineering. 

No  one,  however,  uses  these  roads  except  fools  and  coolies.  The 
tram  starts  about  100  ft.  above  the  sea  and  climbs  at  an  average 
grade  of  about  forty  degrees.  The  cars  are  two  in  number,  and  run 
on  an  endless  chain,  so  that  they  cross  half  way  up  the  ascent.  The 
control  is  all  from  the  power  house  at  the  top,  where,  m  front  of 
the  operator,  as  a  map  of  the  line,  on  which  pointers  indicate  the 
position  of  the  cars.  When  a  pointer  approaches  a  station  the  cable 
is  stopped  until  the  conductor  rings  his  bell.  This  necessitates  the 
building  of  very  long  platforms,  also  in  the  stopping  of  both  cars. 
It  is  a  rather  alarming  sensation  to  slow  down  and  stop,  without 
visible  reason,  above  some  yawning  gully.  It  gives  one  the  notion 
that  perhaps  the  cable  has  broken  and  he  will  begin  to  go  down 
soon,  to  his  great  discomfort.  At  the  top  the  gentlemanly  conductor 
showed  us  the  braking  apparatus  which  consists  in  a  bar  so  con- 
nected that,  if  the  tension  on  the  cable  should  be  released,  the  motion 
of  the  wheels  would  clamp  the  brake  onto  them  and  would  continue 
to  clamp  it  tighter,  as  long  as  the  wheels  were  in  motion.  It  was 
claimed  that  this  apparatus  would  stop  the  car  in  an  inappreciable 
distance.  First  class  fare  on  the  tram  was  50  cents  local  currency, 
or  25  cents  gold,  per  round  trip. 

On  the  following  day  the  writer  took  occasion  to  cross  to  the 
mainland  where  it  was  said  that  the  Canton  railway  was  being  con- 
structed. He  introduced  himself  to  the  engineers  present,  one  of 
whom  was  the  concrete  foreman  for  the  company  and  one  the  gov- 
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ornmcnt  inspector.  One  gentleman  inqnired  what  part  of  the  states 
lie  hailed  from,  and  he  was  surprised  that  "Illinois"  carried  no  im- 
pression to  the  questioner  until  it  occurred  to  him  that  Lancaster,  or 
York,  would  not  be  very  definite  locations  to  him.  On  propounding 
"Chicago,"  however,  they  understood.  "Oh  yes,  the  city  the  beef 
comes  from."  One  of  them  had  visited  in  Milwaukee  at  one  time, 
so  as  the  writer  has  connections  in  that  city,  a  bond  of  common  in- 
terest was  established. 

The  concrete  for  the  sea  wall  was  being  put  in  very  dry.  All 
the  work  was  done  by  coolie  labor,  men  domg  the  mixing  and  tamp- 
ing and  receiving  35  cents  Mex.  per  day,  while  the  women  carried 
the  concrete  from  the  mixers  to  the  forms  in  baskets  at  25  cents  per 
day,  keeping  up  a  continuous  stream. 

The  writer  was  rather  disappointed  that  he  had  not  read  Prof. 
Baker's  "Masonry"  a  little  more  thoroughly,  as  one  of  the  first  topics 
of  conversation  was  as  to  whether  salt  water  concrete  was  inferior 
to  fresh,  and  he  could  not  say  what  the  standard  work  said  on  the 
matter.  How^ever,  the  British  engineers  were  using  salt  water  right 
along,  and  said  it  appeared  to  be  satisfactory,  although  it  set  slowly. 
They  appeared  rather  dissatisfied  with  the  coolie  labor,  saying  tHat, 
when  not  under  the  foreman's  very  eyes,  it  was  very  inefficient. 

On  the  same  day  the  harbor  defenses  were  visited.  The  am- 
munition hoists  and  carriers  are  very  ingeniusly  arranged  to  convey 
the  ordnance  supplies  from  the  water's  edge  to  the  highest  of  the 
big  guns.    Victoria  is  fitly  called  the  "Gibraltar  of  the  Orient." 

On  Aug.  loth,  Sunday  morning,  the  writer  landed  in  Manila, 
and  on  the  following  morning  reported  for  duty  at  the  office  of  the 
Bureau  of  Public  Works,  being  assigned  to  the  irrigation  depart- 
ment under  H.  B.  Kirkpatric.  111..  '99,  irrigation  engineer.  Al- 
though the  first  week  was  considerably  broken  up  by  two  legal  holi- 
days, the  routine  soon  became  more  familiar  and  the  strangeness 
wore  oflf. 

The  organization  of  the  Bureau  of  Public  Works  provides  for 
three  different  arrangements  of  headquarters.  The  Department  of 
Bridges  is  located  in  Manila,  where  all  its  work  is  done,  so  that  its 
engineers  usually  seek  lodgings  in  the  city,  either  in  the  American 
quarter,  called  the  Ermita,  in  the  Spanish  districts  of  San  Sebastian 
or  San  Miguel,  or  in  the  walled  city  (Intramuros)  where  the  office 
of  the  Bureau  is  located,  either  obtaining  lx)ard  in  American  board- 
ing houses,  or  working  a  combination  of  batching  and  eating  at  the 
hotels.  By  practicing  economy  one  can  live  thus  for  very  little  more 
than  good  board  would  cost  in  the  states. 

Some  of  the  appointees  are  at  once  detailed  to  the  provinces, 
wdiere  their  headquarters  are  usually  in  the  provincial  capitals.  In 
such  a  case  they  can  generally  find  a  room  with  some  Filipino  family 
in  town  and  board  with  the  American  mess,  wdiich  is  generally  tc 
be  found  in  the  larg-e  centers. 
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The  engineers  of  the  irrigation  and  road  departments  are  sent 
out  in  parties  of  three  or  four,  and,  while  outside  of  Alanila  are  paid 
all  traveling  and  sustenance  expenses.  When  in  ^Manila,  complet- 
ing reports  or  waiting  orders,  they  are,  of  course,  at  their  own  ex- 
pense, and  usually  live  at  one  of  the  hotels,  or  else  'keep  a  room  all 
the  time,  locking  it  up  when  out  of  town. 

At  the  present  time  the  new  assistant  engineers  form  a  most 
congenial  crowd  coming  from  almost  every  college  in  the  country. 
There  are  several  men  from  Harvard,  two  from  Boston  Tech.,  sev- 
eral froin  Michigan,  one  from|  Wisconsin,  two  from  Purdue,  and  so 
forth.  One  of  Prof.  Sanborn's  students,  S.  W.  Moore,  Tufts  '08, 
has  been  working  on  the  same  project  as  the  writer  for  some  time. 
There  are  a  large  number  of  college  men  in  Manila,  the  University 
Club  being  one  of  the  most  flourishing  in  the  city,  while  some  of 
the  fraternities,  among  them  Sigma  Chi  and  Alpha  Tau  Omega  have 
alumni  chapter  located  there. 

The  personel  of  field  parties  generally  consists  of  a  chief  en- 
gineer and  two  assistants,  to  which  one  Filipino  "pensionado"  is 
sometimes  added.  The  selection  of  the  relative  positions  in  such  a 
party  is  dependent  upon  the  previous  experience  of  the  engineers. 
In  any  case,  the  American  engineers  generally  have  plenty  of  varied 
and  instructive  work.  A  full  sized  field  party  generally  employs 
from  five  to  eight  natives  when  in  good  working  order.  The  idea 
that  everyone  speaks  Spanish  or  English  in  the  Philippines  is  a 
fallacy — the  most  useful  language,  if  one  does  not  know  Tagalog  or 
Mscayan  is  a  combination  of  gestures. 

It  might  be  supposed  that  such  a  force  would  be  ver}-  inefficient, 
but  the  opposite  is  the  case.  The  men  can  be  sent  anywhere,  into 
deep  rice  swamps  or  muddy  river  bottoms.  A  favorite  system  in  use 
in  controling  stadia  men  is  to  give  each  man  a  number,  and  then 
direct  him  by  flagging  his  number  in  the  desired  direction.  In  this 
way  the  recorder  can  keep  three  stadia  men  in  as  rapid  motion  as 
the  transit  man  can  read  them. 

There  are  some  points  about  field  conduct  here  that  might  seem 
strange  to  engineers  in  the  states.  The  instrumlent  is  always  shield- 
ed by  a  big  umbrella — a  native  carries  the  instrument.  It  might 
seem  that  these  customs  would  effeminize,  but  it  is  exceedingly  dif- 
ficult for  the  new  American  to  even  carry  himself  across  the  mud 
and  dykes  in  safety. 

The  floods  in  the  islands  are  said  by  experienced  engineers  to 
be  the  most  sudden  and  voluminous  in  the  world.  The  writer  awoke 
one  morning  to  find  that  the  little  river,  which  had  been  flowing 
quietly  in  a  deep  gulch  the  night  before,  had  grown  to  a  torrent  half 
a  mile  wide,  running  like  a  mill  sluice.  The  water  continued  to  rise 
until  it  surrounded  the  house  to  the  depth  of  a  foot  and  covered  the 
road  at  an  elevation  of  about  fourteen  feet  above  the  normal.     This 
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flood  was  caused  by  a  continued  storm,  or  "bagg-io"  lasting  for  about 
three  days,  and  all  speed  was  made  to  get  data  concerning  it  by 
means  of  high  water  stakes  and  velocity  estimlations.  The  ordinary 
velocity  of  the  river  is  3  feet  per  sec,  section  area  50  sq.  ft.,  dis- 
charge 120  cu.  feet  per  sec,  while  at  the  time  of  the  flood  the  velocity 
was  10  feet  per  sec,  section  area  5300  sq.  ft.,  discharge  36,000  cu. 
ft.  per  sec.  Although  the  cause  of  such  unusual  floods  is  apparent, 
the  rivers  often  increase  their  discharge  four  or  five  times  without 
visible  reason.  Such  increases  are  usually  due  to  storms  in  the 
mountains  in  which  the  streams  rise. 

The  hope  of  every  American  arrival  is  to  return  to  the  states 
via  Europe.  At  the  end  of  two  years'  satisfactory  service  his  travel- 
ing expenses  and  half  pay,  for  the  time  spent  coming  over  plus  two 
extra  months  full  pay  are  due  him ;  at  the  end  of  three  years  an  ad- 
ditional month's  full  pay  and  half  pay  for  the  time  required  to  re- 
turn are  due ;  and  even  the  smallest  of  these  amounts  would  be  suf- 
ficient to  carry  him  with  economy  through  Asia  and  Europe,  and 
across  the  Atlantic.  So  one  of  the  most  fruitful  topics  of  discussion 
for  the  recent  arrivals  is  the  relative  desirability  of  the  various  routes 
back  again. 
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LIGHTNING. 


Ellery  B.  PAIN13,  M.  S.,  E.  E. 
Assistant  Professor  of  Electrical  Engineering:. 


A  century  and  a  half  ago  when  Franklin  made  his  famous  kite 
experiment  it  was  generally  believed  that  lightning  was  the  explo- 
sion of  vapors  which  collected  in  the  atmosphere  under  certain  con- 
ditions. Franklin's  proof  that  lightning  is  electrical  in  its  nature 
stopped  much  speculation  over  the  chemical  composition  of  those 
vapors  and  the  way  in  which  they  became  ignited  to  produce  the 
lightning  explosions.  Since  Franklin's  time  scientists  have  con- 
sidered lightning  similar  to  the  sparks  of  experimental  electrical 
apparatus  except  that  the  lightning  is  on  a  vastly  magnified  scale. 
During  the  last  hundred  years  many  men  have  tried  to  learn  the 
secret  of  atmospheric  electrification.  Many  hypotheses  have  been 
proposed  in  explanation  of  the  electric  charge  of  the  air.  Friction 
of  air  currents,  evaporation  of  moisture,  dashing  of  ocean  waves 
against  the  rocky  shores  are  known  to  produce  electrification.  We 
must  admit,  however,  that  we  do  not  understand  what  produces 
atmospheric  electrification. 

Many  who  have  written  on  the  subject  have  classified  lightning 
in  three  forms :  zig-zag,  sheet,  and  ball  lightning.  We  now  think 
sheet  lightning  is  unlike  the  first  named  form  only  in  having  the 
direct  light  from  the  flash  hidden  from  the  eye.  In  this  form  of 
lightning  one  sees  the  light  reflected  from  the  clouds.  Many  mar- 
velous accounts  of  the  slowly  moving  ball  lightning  have  been  re- 
corded. Modern  scientists  who  had  never  seen  this  form  of  light- 
ning were  inclined  to  be  skeptical.  The  discovery  by  Prof.  Righi 
of  Bologna*  of  a  method  of  producing  such  discharges  experimen- 
tally leaves  us  little  ground  for  doubting  the  existence  of  ball  or 
globular  lightning. 

Dove  was  perhaps  the  first  to  attempt  to  measure  the  time  taken 
for  a  lightning  stroke.*  He  used  a  rapidly  revolving  disc  marked 
with  colored  sectors.  He  discovered  that  lightning  discharges  are 
usually  made  up  of  several  component  flashes.  His  experiments 
showed  that  each  separate  flash  was  apparently  instantaneous. 
Four  years  ago  Schmidt  made  a  similar  investigation*  and  found 
that  the  separate  flashes  were  completed  in  less  than  1-30000  second. 
In  recent  years  the  camera  has  been  of  much  value  in  lightning 
study.      The   first  work   done   in   photographing   lightning  appears 


*Electrical  Review,  London,  April   3,  1896. 
*Poggendorff   Annalen,    1835.      S.    371. 
♦Elektrotechnische  Zeitschrift  Sept.  28,   1905. 
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to  have  been  that  of  Prof.  Keyser  at  Bonn.*  Photographs  of 
lightning  taken  with  stationary  cameras  sometimes  showed  the  dis- 
charge separated  into  its  component  flashes  by  the  side  drift  of  the 
air  currents.  This  suggested  to  Prof.  Weber  of  Kiel  the  use  of  a 
revolving  camera  which  would  allow  the  impressions  of  the  various 
discharges  to  be  still  more  widely  separated  on  the  photographic 
plate.*  Later  Dr.  Walter  of  Plamburg  developed  and  used  a  ro- 
tating camera.*  Similar  work  has  been  done  in  the  United  States 
by  Larson.* 

The  camera  investigations  have  shown  that  lightning  strokes 
are  usually  composed  of  not  less  than  five  or  six  discharges  along 
nearly  the  same  path.  Some  strokes  a're  made  up  of  as  many  as 
forty  flashes.  The  time  required  for  complete  discharge  sometimes 
is  as  great  as  .6  second. 

In  1858  Feddersen  found  proof  of  the  oscillatory  nature  of 
Leyden  jar  discharges.  It  is  thought  that  lightning  discharges  also 
are  oscillatory  but  no  direct  proof  has  ever  been  made.  Experiments 
made  to   solve  this  problem  have  not  been  conclusive.* 

Kstimates  of  the  voltage  necessary  for  lightning,  based  on  data 
obtained  from  such  discharges  as  may  be  produced  in  the  laboratory, 
lead  to  values  which  appear  unreasonably  large.  Lodge  estimates 
the  potential  difference  required  for  a  lightning  stroke  one  mile 
long  as  5,000  million  volts.*  Steinmetz  calls  attention  to  the  fact  that 
with  such  a  potential  difference  as  this  the  corona  effect  would  be 
very  marked.  It  is  probable  that  long  "strokes  may  take  place  with 
voltages  far  smaller  than  the  estimate  quoted.  It  is  known  that  a. 
dielectric  breaks  down  at  a  point  where  the  potential  gradient  at 
that  place  is  too  great.  That  is  a  dielectric  can  not  withstand  an 
electric  stress  greater  than  that  caused  by  a  certain  number  of 
volts  per  inch.  The  exact  value  of  the  limiting  potential  gradient 
varies  with  the  character  of  the  dielectric.  If  in  the  atmosphere  we 
have,  even  for  a  short  distance,  a  too  great  potential  gradient,  dis- 
charge will  take  place.  Because  of  the  lowering  of  the  potential  at 
one  end  of  the  discharge  path  the  potential  gradient  may  become 
too  great  at  that  point,  so  that  the  discharge  extends  over  another 
space.  Jn  this  way  it  ap])ears  reasonable  that  a  long  discharge  may 
result,  although  the  initial  difference  of  potential  is  suflicient  to 
cause  discharge  over  only  a  much  shorter  path.  This  explains  how 
a  stroke  of  lightning  may  occur  wholly  within  a  single  cloud.  It 
was  formerly  thought  that  lightning  occurred  only  between  two 
clouds  or  between  cloud  and  earth. 

Hence  we  see  that  the  condition  needed  for  lightning  discharge 


♦Wi.dcrinaiin   -AniinUn,    ISN.').      V.    i:',l. 

•Bericiit  (ler  Ki'uisl.     Akod.    1S89.      P.   781. 

*Pliysikalii-clio   ZfMtschrift    3,    S.    168. 

*Aiinual    Report    Smithsonian   Institution.    1905. 

*Pliysikalische    Zeitschrift    2    P.    71.5. 
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is  that  the  potential  gradient  along  a  path  through  the  atmosphere 
be  greater  than  the  air  can  withstand. 

It  has  been  found  that  under  normal  conditions  the  potential 
gradient  along  a  vertical  line  from  the  earth's  surface  is  several 
hundred  volts  per  foot.  As  stated  before  we  are  not  certain  what 
causes  this  change  of  potential  at  different  elevations.  Particles  of 
water  formed  by  condensation  of  moisture  in  the  atmosphere  will 
have  potentials  equal  to  that  of  the  air  at  the  place  of  formation. 
As  numbers  of  these  small  particles  combine  into  larger  drops  the 
potential  of  the  drop  increases  with  increase  of  size,  because  the 
capacity  of  the  drop  increases  only  as  the  radius,  while  the  total 
quantity  of  electricity  increases  as  the  mass  or  the  third  power  of 
the  radius.  Hence  great  condensation  will  cause  the  potential  of  the 
drops  of  water  to  become  greater  than  the  potential  of  drops  at  a 
point  of  less  condensation.  If  we  have  within  a  cloud  quite  un- 
equal condensation  at  various  points  we  may  have  potential  grad- 
ients so  great  that  the  air  along  certain  paths  is  broken  down.  We 
have  these  conditions  most  frequently  in  the  case  of  the  gusty 
clouds  formed  near  the  earth  on  hot  summer  days. 

The  great  heating  effect  of  lightning  indicates  that  its  current 
strength  is  high.  Dr.  Prockels  has  investigated  the  strength  of 
current  in  lightning  rods  which  had  been  struck  by  lightning."''  The 
tests  reported  indicate  currents  of  ten  thousand  amperes  or  more. 

The  total  energy  of  a  single  flash  of  lightning  has  been  esti- 
mated by  Steinmetz  as  10,000  K.  W.  seconds.  This  estimate  is 
based  on  the  energy  required  to  produce  illumination  equal  to  that 
given  during  a  lightning  stroke.* 

Lodge  arrives  at  about  the  same  result  from  the  calculation  of 
the  amount  of  energy  stored  in  a  certain  volume  of  air  due  to  the 
maximum  electric  tension  air  is  able  to  withstand. 

Our  knowledge  of  lightning  is  far  from  complete.  The  loss  of 
life  and  property  each  year  because  of  lightning  is  large.  In  the 
United  States  alone  the  loss,  according  to  government  records, 
amounts  to  several  hundred  lives  and  between  one  and  two  million 
dollars  worth  of  property.  One  of  the  great  problems  of  the  elec- 
trical engineer  is  the  protection  of  electrical  apparatus  from  light- 
ning troubles.  This  problem  has  assumed  greater  proportions  since 
the  use  of  long  distance  high  potential  transmission  lines.  A  better 
understanding  of  liehtninsf  is  much  to  be  desired. 


♦Wiederman's  Annalen.      65.  S.  458. 
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A  PRECISION  SLIDE-RULE. 


A.  N.  LuRiE,  M.  E.,  '09. 
Junior  Member  W.  S.  E. 


The  Mannheim  sHde-rule,  as  arranged  fifty  or  sixty  years  ago 
by  Col.  Mannheim  of  the  Austrian  Engineer  corps,  has  served  the 
engineer  and  scientist  for  half  a  century,  as  an  invaluable  instru- 
ment. The  facility  with  which  it  may  be  operated,  its  value  as  a 
saver  of  time  and  of  mental  and  manual  labor,  if  pushing  a  pencil 
may  be  dignified  by  the  term  manual  labor,  has  won  this  tool  a 
place  in  the  kit  of  every  progressive  engineer.  The  item,  however, 
which  has  probably  made  it  of  greater  value  to  the  engineer  than  to 
the  scientist,  is  that  in  the  great  majority  of  those  problems  which 
occur  in  engineering  practice  its  accuracy  is  sufficient. 

The  engineer  in  general  understands  that  without  going  to  any 
great  pains  the  error  in  any  reading  can  be  kept  as  low  as  one  per 
cent,  that  is,  the  first  doubtful  figure,  varying  by  one,  plus  or 
minus,  is  the  third  significant  digit.  To  repeat,  this  degree  of  ac- 
curacy is  sufficient,  for  in  general  engineering  calculations  we  do 
not  measure  the  inside  diameters  of  our  stacks  with  micrometers, 
nor  a  carload  of  coal  in  milligrams, — inches  and  hundred  weights 
will  do. 

But  to  say  that  this  degree  of  accuracy,  illustrated  figuratively, 
is  sufficient  for  most  engineering  work,  does  not  indicate  that  it  will 
pass  for  all.  In  the  bridge  shop,  the  templet  maker  has  no  use  for 
a  dimension  which  reads  8'  —  1.2"  about.  He  must  have  the  dimen- 
sions accurate  to  within  a  sixteenth  of  an  inch,  so  that  the  chords, 
struts  and  other  members  may  go  together  out  in  the  field.  In  lay- 
ing out  a  connecting  rod,  we  do  not  say  that  the  distance,  center 
to  center,  of  brasses  is  5'  —  2.7"  about,  implying  that  it  may  be 
5'  —  2.6"  or  perhaps  5'  —  2.8".  The  distance  is  either  5'  —  2.y" 
exactly,  or  5'  —  2^",  or,  whatever  the  case  may  be.  A  quarter  of 
an  inch  is  a  great  item  at  times.  They  say  a  quarter  of  an  inch  on 
the  end  of  Cleopatra's  nose  would  have  altered  the  history  of  the 
world ;  but  that  is  ancient  history. 

With  the  idea  in  mind  of  increasing  the  accuracy  of  the  slide- 
rule,  and  at  the  same  time  of  avoiding  an  involved  instrument,  the 
writer  stumbled  upon  a  device  which  he  believes  will  make  a  more 
accurate  and  desirable  tool.  The  accompanying  drawing  shows  a 
full  size  layout  of  the  middle  portion  of  the  scales.  The  fundamental 
principle  is  not  a  new  one  by  any  means,  and  is  used  in  some  forms 
of  physical  and  engineering  manometers,  as  for  example,  in  the  in- 
clined-tube draft-gage.  In  this  slide-rule,  it  consists  substantially 
of  lengthening  the  graduations  several  hundred  per  cent,  without 
increasing  the  length  of  the  rule.  A  perpendicular  to  the  longitudinal 
center-line  is  erected  at  each  major  division,  a  major  division  being, 
for  example,  the  distance  between  5.1  and  5.2.  A  series  of  per- 
pendiculars, all  of  the  same  length,  is  formed  and  lines  are  drawn 
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from  that  extremity  of  each  perpendicular  farthest  from  the  sHde 
to  the  foot  of  the  next  one.  These  hnes,  the  hypotheniises  of  a 
series  of  right  triangles  whose  bases  are  the  logarithmic  divisions, 
and  Avhose  altitudes  a  given  distance,  now  become  our  scale  proper. 
Horizontal  graduations  on  the  runner-glass  which  are  intersected  at 
right  angles  by  the  hair-line  divide  the  perpendiculars,  and  of  course 
at  the  same  time  the  hypothenuses  into  ten  equal  divisions. 

In  the  rule  wherein  the  distance  between  indices  is  25  cm., 
known  commercially  as  the  "ten  inch  rule,"  the  increase  in  scale 
length  in  the  C  and  D  or  lower  scales  will  be  a  little  oevr  two  hun- 
dred per  cent,  while  in  the  upper,  or  A  and  B  scales  it  will  probably 
reach  as  much  as  three  hundred  per  cent  or  more.  The  length  of  the 
perpendiculars  is  three  tenths  of  an  inch,  making  each  division  on 
the  runner  glass  three  one  hundredths  of  an  inch  or  about  one  thirty 
second.  This  makes  the  rule  easy  to  read.  The  smallest  angle 
which  occurs  between  the  hair-line  and  any  hypothenuse  is  that  on 
the  C  and  D  scales,  between  the  divisions  9.9  and  10.     This  angle 
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is  nine  degrees.      The  runner  glass  is  very  thin  and  close  to   the 
scales,  so  as  to  avoid  parallax  as  much  as  possible.     It  is  adjusted 
by  four  small  set  screws,  two  above  and  two  below, 
of  this  rule  and  the  ^Mannheim  are  identical. 

When  the  writer  first  showed  this  design  to 
some  thought  it  was  a  good  idea  and  feasible,  others  made  sarcastic 
remarks  and  were  solicitous  regarding  his  mental  welfare.  One 
ventured  that  a  few  wise  men  were  still  living  before  the  writer 
was  born  and  if  they  had  not  found  this  scheme  practical  it  stood 
to  reason  that  it  must  be  valueless. 

Personally  the  writer  believes  this  idea  is  more  than  an  orator- 
ical safety  valve.  It  increases  the  accuracy  from  one  in  a  hundred 
to  one  in  a  thousand.  This  instrument  is  easier  to  construct,  than  the 
]\Iannheim,  as  it  reduces  the  number  of  lines  in  the  scale  from  1284 
to  820,  or  a  reduction  of  nearly  36  per  cent.  Thus  we  have  a  simpler 
and  at  the  same  time  more  accurate  instrument. 
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THE  USK  OF  SET.EXIU^I  IX  PHOTOMETRY 


JoEjiv  Stebbins,  Ph.  D. 
Assistant  Professor  of  Astronomv. 


It  has  long  been  known  that  the  crystalHne  form  of  selenium 
changes  its  electrical  resistance  when  exposed  to  light.  Physicists 
and  electricians  have  made  various  attempts  to  utilize  this  property 
in  devising  some  form  of  selenium  photometer,  but  so  far  without 
success.  Evidently  there  would  be  a  great  demand  for  an  instru- 
ment which  would  indicate  the  candle  power  of  a  light  as  conven- 
iently and  accurately  as  volts  and  amperes  are  now  measured. 
Imagine  the  revolution  in  the  electric  lighting  industry,  if  a  portable 
instrument  were  devised,  which  on  being  held  at  a  certain  distance 
from  a  light,  would  give  at  once  its  actual  candle  power !  About 
two  }-ears  ago  the  writer  and  Dr.  F.  C.  Brown  began  some  experi- 
ments on  the  use  of  selenium  cells  in  photometry,  our  ultimate  object 
being  to  measure  the  light  of  stars.  Although  this  phase  of  the 
work  is  not  of  direct  interest  to  engineers,  there  are  a  number  of 
difficulties  which  we  encountered  and  overcame,  which  arise  in  any 
use  of  selenium  for  measuring  light  intensity. 

When  selenium  is  immersed  in  certain  liquids,  the  action  of 
light  produces  an  electromotive  force,  and  for  this  reason  the  crystal- 
line form  with  electrodes  attached  has  come  to  be  called  a  "selenium 
cell,"  though  the  more  logical  name  of  "selenium  bridge"  has  been 
suggested. 

The  usual  form  of  a  cell  consists  of  two  wires  wound  in  a 
double  spiral  about  a  flat  insulator,  the  spaces  on  one  face  being 
filled  with  selenium  wdiich  is  properly  treated  to  make  it  sensitive 
to  light.    Fig.  I  shows  such  a  cell  mounted  in  a  hard  rubber  case. 


Fig.   1.      Selenium    Cell   by   Giltay. 


The  occulting  slide  has  been  removed,  and  the  terminals  are  brought 
out  at  the  back  of  the  case.     In  this  arrangement  the  selenium  ele- 
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ments  are  connected  in  multiple,  which  method  is  adopted  because 
of  the  high  resistance  of  selenium.  The  cell  in  the  figure  has  a 
resistance  of  about  one  million  ohms,  and  for  cells  of  smaller  area 
the  resistance  runs  up  to  several  hundred  megohms. 

There  are  different  methods  of  sensitizing  the  selenium,  one  of 
which  is  to  melt  it  at  217°  C,  and  then  allow  it  to  crystallize  be- 
tween 100°  and  200°  C.  The  best  cells  are  made  by  Giltay  of  Delft, 
Holland,  and  Ruhmer  of  Berlin,  but  neither  of  these  men  has  di- 
vulged his  method  of  manufacture.  In  a  letter  to  the  writer,  Mr. 
Giltay  has  said  that  his  method  is  sometimes  a  secret,  even  to  him- 
self, for  after  thirty  years  of  experience  in  making  cells,  he  often 
has  surprises  of  the  most  disagreeable  kind. 

It  is  customary  to  rate  the  sensibility  of  a  cell  by  the  ratio  of  its 
resistance  in  the  dark  to  the  resistance  on  exposure  close  to  a  16  c.p. 
light.  Thus  a  cell  wdth  an  initial  resistance  of  1,000,000  ohms  which 
drops  to  100,000  ohms  in  the  light,  has  a  sensibility  of  10  to  i,  and 
would  be  called  a  fairly  good  cell.  Our  best  cell  is  rated  at  abou* 
100  to  I. 

After  exposure  a  cell  does  not  regain  its  original  resistance 
immediately,  but  recjuires  as  long  as  several  hours  for  complete 
recovery  from  the  eft'ect  of  sunlight.  We  have  found  that  wdien  the 
light  action  has  changed  the  resistance  by  only  one  quarter  of  one 
per  cent,  about  two  minutes  are  required  for  recovery. 

Perhaps  the  one  pecularit}^  w^hich  has  prevented  the  general 
use  of  selenium,  is  that  it  differs  from  the  eye  in  color  sensibility. 
W'hen  sunlight  is  drawn  out  in  to  a  spectrum,  the  normal  eye  per- 
ceives the  colors  from  violet  to  red,  and  the  maximum  intensity 
is  in  the  yellow,  while  wdth  selenium  the  greatest  light  effect  is 
near  the  red  end  of  the  spectrum.  As  a  result  a  white  or  bluish 
source  such  as  the  electric  arc,  may  have  less  effect  upon  selenium 
than  a  yellowish  incandescent  light,  although  the  former  appears 
far  more  brilliant  to  the  eye.  and  it  is  the  effective  visual  intensity 
which  is  usually  desired  in  photometric  results.  There  shovild  pre- 
sumably be  no  great  difficulty  in  finding  a  combination  of  colored 
screens  wdiich  when  placed  in  front  of  a  selenium  cell  would  render 
the  eff'ect  of  different  colors  about  the  same  as  for  the  eye,  but  we 
have  found  that  various  cells  are  much  unlike  in  their  color-sen- 
sibility. In  Fig.  2  are  represented  the  color-sensibility  curves 
of  four  cells,  where  ordinates  represent  the  action  of 
light  in  terms  of  galvanometer  deflections,  and  abscissas  are  wave- 
lengths or  colors.  The  visual  spectrum,  violet  to  red,  extends  ap- 
proximately from  wave-length  3900  to  7000,  with  maximum  inten- 
sity at  about  6000.  In  determining  the  curves  the  sun  was  the 
source,  and  the  light  passed  through  a  grating  spectroscope  attached 
to  the  12-inch  refractor.  Each  cell  was  exposed  successively  to 
different  parts  of  the  spectrum,  and  as  nearly  as  possible  the  con- 
ditions were  the  same  for  all  cells.     Although  these  curves  are  not 
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absolute  in  the  sense  of  being  independent  of  the  source,  or  of  the 
instrument,  they  show  the  relative  action  of  the  same  light  upon 
different  cells.    Tt  will  be  seen  that  the  curves  of  the  Giltay  cells  have 


two  maxima,  while  the  Ruhmer  curve  has  but  on-e.  \\'e  had  de- 
stroyed the  sensibility  of  the  fourth  cell,  in  some  previous  experi- 
ments, and  it  was  reannealed  by  Dr.  Brown. 

Another  pecularity  of  selenium  is  its  great  variation  with  tern- 
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perature.  At  ordinary  temperatures  an  increase  of  1°  C.  will  lower 
the  resistance  of  a  cell  by  about  5%,  and  it  is  thus  possible  to  use 
selenium  as  a  sensitive  thermometer.  One  of  the  greatest  difficulties 
we  have  encountered  has  been  the  elimination  of  temperature  effects. 
For  some  reason  or  other,  we  have  found  no  definite  reference  to 
this  trouble  in  the  published  work  of  other  investigators,  but  per- 
haps this  is  because  we  have  been  working  with  lights  so  faint  that 
the  temperature  efl:'ects  are  more  conspicuous. 

Other  agencies  which  afi^ect  the  resistance  of  selenium  are 
the  proximity  of  radium,  also  hydrogen  peroxide;  and,  what  'is 
especially  interesting,  the  resistance  decreases  considerably  with  in- 
crease of  the  electromotive  force  applied  in  measuring  the  resistance. 

Before  taking  up  the  procedure  in  measures  of  starlight,  it 
may  be  worth  while  to  indicate  wherein  the  ordinary  visual  methods 
are  not  satisfactory.  The  stars  are  so  faint  that  an  observer  can 
not  measure  their  light  by  letting  it  fall  upon  a  screen,  but  must  view 
the  objects  directly.  One  method  is  to  use  a  small  light  to  form  an 
artificial  star,  and  to  compare  this  successively  with  the  images  of 
real  stars  seen  in  the  telescope.  In  any  method,  what  the  observer 
does  is  to  compare  two  sources,  visible  at  the  same  time,  and  vary 
one  or  both  until  they  appear  ecjual.  Unfortunately  no  eye  can  in- 
fallibly distinguish  between  two  lights  which  difi^er  as  much  as  ten 
per  cent,  though  the  mean  of  several  measurements  may  be  accurate 
to  five  per  cent  or  less.  The  relative  error  in  photometric  measures  is 
far  greater  than  the  error  in  measures  of  mass  or  length,  and  this 
will  be  true  so  long  as  the  human  eye  is  used  in  judging  of  light  in- 
tensity. 

When  photographic  methods  were  first  applied  to  astronomical 
work  it  was  hoped  that  the  relative  brightness  and  changes  of  the 
stars  could  be  more  accurately  determined,  but  experience  has  shown 
that  measures  of  the  star  images  on  a  photographic  negative  do 
not  give  better  results  than  those  from  direct  visual  estimates.  Be- 
cause of  the  permanent  recording  value  of  a  photograph,  however, 
there  is  a  wide  application  of  the  camera  to  astronomical  photometry. 
In  commercial  work,  there  has  been  little  or  no  use  of  photography 
for  determining  candle  power;  perhaps  principally  because  the 
method  is  slow,  but  also  because  silver  salts  are  most  sensitive  to 
blue  and  violet  light.  In  astronomical  applications  it  is  more  a 
question  of  determining  the  variations  of  light  sources,  and  the  mat- 
ter of  color  sensibility  is,  in  many  cases,  not  of  prime  importance. 

In  our  work  on  starlight,  a  cell  about  10  mm.  square  is  placed 
near  the  focus  of  the  12-inch  objective  of  the  telescope,  which  in- 
creases the  light  action  of  a  star  about  700  times.  The  selenium 
cell  is  connected  as  one  arm  of  a  Wheatstone  bridge,  and  when 
the  sensitive  surface  is  exposed  to  a  star,  a  deflection  of  the  galvan- 
ometer is  produced.  One  observer  in  the  dome  directs  the  telescope, 
and  makes  the  exposures,  while  the  other  is  stationed  below  where 
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wires  from  the  cell  are  carried  to  the  galvanometer  and  resistance 
boxes.  Following  are  the  conditions  of  the  experiment  on  a  certain 
night.  The  resistance  of  the  selenium  cell  was  4  000  000  ohms,  the 
ratio  arms  of  the  bridge  were  10  000  and  10  ohms,  and  the  variable 
arm  was  4000  ohms.  Current  was  supplied  by  10  dry  cells  giving 
14  volts.  The  galvanometer  is  of  the  D'Arsonval  type,  its  resistance 
being  500  ohms,  period  5  seconds,  and  the  figure  of  merit,  or  current 
required  to  produce  i  mm.  deflection  at  i  meter  scale  distance,  is 
2.5  X  io~^"  amperes.  The  scale  was  placed  at  2  meters,  and 
with  a  good  view  telescope  was  read  to  o.i  mm.  Under  these  con- 
ditions a  10  second  exposure  to  the  ''North  Star"  or  Polaris  gives 
a  deflection  of  4  mm.  The  zero  reading  of  the  galvanometer  will 
change  visibly  during  10  seconds,  often  as  much  as  i  mm.,  thus  in- 
troducing an  error  of  25  per  cent  into  the  result.  For  stars  brighter 
than  Polaris,  the  relative  error  is  less ;  in  some  cases  our  results 
agree  within  i  per  cent,  but  for  faint  stars  the  irregularities  may  be 
larger  than  the  light  efl^ects. 

A  simple  computation  shows  that  the  change  of  the  galvano- 
meter reading  by  i  mm.  can  be  accounted  for  by  a  temperature 
variation  of  only  0.001°  C.  and  it  is  therefore  of  the  utmost  im- 
portance to  keep  the  selenium  at  a  constant  temperature.  By  en- 
closing the  cell  in  a  case  where  the  temperature  is  regulated  by  a 
thermostat,  much  of  the  unsteadiness  and  drift  of  the  galvanometer 
are  eliminated,  but  there  are  still  some  outstanding  irregularities. 
The  difficulty  seems  to  lie  in  the  heating  effect  of  the  current  through 
the  cell,  which  though  small  is  enough  to  account  for  the  trouble. 
As  near  as  we  can  estimate,  the  14  volts  through  4000000  ohms  is 
sufficient  to  raise  the  temperature  of  the  small  amount  of  selenium 
by  about  0.1°  C.  in  10  seconds,  and  the  irregular  conduction  and 
radiation  of  this  heat  away  from  the  selenium  may  easily  cause 
the  observed  variations  of  resistance.  Just  at  present  we  are  trying 
the  experiment  of  placing  a  cell  in  a  kerosene  bath,  which  will  in 
part  assist  in  eliminating  the  eft"ect  of  outside  changes  of  tempera- 
ture, but  more  especially  should  carry  away  from  the  selenium  the 
heat  which  is  generated  by  the  current. 

It  is  easy  to  increase  the  deflections  from  stars,  b}'  adding 
more  battery,  but  the  irregularities  are  magnified  as  well,  and  there 
is  no  i)ractical  gain.  In  the  course  of  two  years,  however,  the  dis- 
turbing factors  have  been  so  diminished,  that  where  we  once  ob- 
tained only  I  mm.  deflection,  it  is  now  possible  to  increase  the  cur- 
rent so  as  to  get  about  200  mm.  from  the  same  star.  We  hope  to 
secure  still  better  results  and  each  increase  of  sensibility  will  en- 
able us  to  carry  the  work  to  fainter  stars. 

When  the  writer  and  Dr.  Brown  first  took  up  the  work  with 
selenium,  the  cells  then  available  were  not  sensitive  enough  for 
starlight,  but  we  found  that  the  moon  was  bright  enough  to  meas- 
ure, even  without  a  telescope.     On  every  clear  night  for  two  months 
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we  compared  the  moon  with  a  standard  candle,  exposing  a  selenium 
cell  first  to  one  source,  then  to  the  other,  and  moving  the  candle 
back  and  forth  so  as  to  determine  at  what  distance  its  light  was 
equal  to  that  of  the  moon.  Roughly  speaking  we  found  that  a 
surface  will  be  illuminated  by  the  full  moon  about  the  same  as 
when  it  is  placed  i  meter  distance  from  a  source  of  one-fifth  of  a 
candle-power.  It  is  well  known  that  the  full  moon  is  more  than 
twice  as  bright  as  the  half  moon,  and  with  selenium  cells  we  found 
that  the  ratio  is  about  9  to  i,  and  that  the  full  moon  is  about  30 
times  as  bright  as  the  crescent  moon  which  is  of  one-fourth  the 
area.  We  determined  another  fact  which  so  far  as  we  know  was 
never  recorded  by  visual  observers :  the  moon  is  slightly  brighter 
before  than  after  the  full  phase.  A  casual  glance  will  show  any  one 
that  the  west  half  of  the  moon  has  fewer  dark  markings  than  the 
eastern  portion,  and  we  should  therefore  expect  a  diff^erence  de- 
pending upon  which  side  is  illuminated. 

In  this  short,  account  of  the  use  of  selenium,  I  have  touched 
only  upon  the  main  features  of  the  application  to  astronomical 
work.  Perhaps  to  the  general  reader,  the  scientific  importance  of 
measures  of  starlight  is  not  evident.  Most  of  our  ideas  of  the 
form  and  extent  of  the  universe  come  from  a  statistical  study  of 
the  brightness  of  stars.  It  seems  safe  to  assume  that  the  bright 
stars  as  a  class  are  nearer  to  us  than  the  faint  ones,  and  for  the 
great  majority  of  the  millions  of  stars  visible  in  our  telescopes,  the 
only  clew  to  their  distance  is  their  relative  light.  It  recjuires  cen- 
turies to  measure  the  motion  of  a  star,  years  to  find  its  distance, 
but  the  brightness  can  be  determined  in  a  few  minutes. 

Again,  the  first  evidence  that  other  stars  than  the  sun  have 
planets  was  derived  from  photometric  measures.  It  was  found 
that  some  stars,  usually  of  constant  light,  become  fainter  at  def- 
inite intervals  and  then  resume  their  normal  intensity.  In  each 
case  this  indicates  the  presence  of  an  unseen  dark  body,  which,  re- 
volving about  its  primary,  passes  between  the  earth  and  the  star,  and 
causes  an  eclipse.  There  are  several  thousand  of  these  so  called 
variable  stars  in  the  sky,  though  not  many  of  them  are  explained 
by  the  simple  eclipsing  efi^ect  of  a  dark  satellite,  and  the  study  of 
these  interesting  objects  is  little  more  than  begun. 

The  first  work  on  selenium  by  Dr.  F.  C.  Brown  and  the  writer 
was  done  in  the  physics  laboratory.  Since  Dr.  Brown's  departure, 
the  investigation  has  been  continued  at  the  observatory,  though 
I  have  had.  from  time  to  time,  the  benefit  of  the  advice  and  assist- 
ance Oi  dififerent  members  of  the  physics  department.  The  actual 
work  on  stars  always  requires  two  observers,  and  in  this  part  I  have 
had  the  efficient  assistance  of  Mr.  B.  O.  Brown  and  Dr.  F.  W. 
Reed. 
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THE  LABORATORY  OF  PHYSICS. 


A.  P.  Carmax.  a.  ^L.  D.  Sc. 


The  building-  for  physics  which  the  P'niversity  of  Illinois  will 
open  in  September,  1909,  is  notable  as  an  addition  to  the  University's 


First  Floor. 


group  of  buildings  in  that  it  gives  the  Department  of  Physics  a  lab- 
oratory of  the  first  rank,  and  also  fixes  a  high  grade  for  our  future 
buildings.  Only  one  of  our  previous  buildings  is  of  fire-proof  con- 
struction. The  burning  of  one  of  the  large  buildings  would  cripple 
the  University  work  for  a  student  generation,  so  that,  fixing  a  policy 
of  fire-proof  construction  is  an  important  advance.    • 

The  site  of  the  new  laboratory,  between  Engineering  Hall  and 
the  Natural  History  and  Chemistry  buildings,  is  a  most  convenient 
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one  for  students.  For  certain  physical  experiments,  the  ideal  site 
would  be  a  mile  or  more  from  traffic  and  machinery,  but  important 
conveniences  for  many  experiments  would  be  sacrificed  in  such  iso- 
lation. The  removal  of  the  street  car  traffic  from  Green  Street, 
which  has  been  arranged  by  the  Trustees,  will  take  away  the  most 
serious  n-^enace  to  the  work  of  the  building.  The  walls  have  been 
made  unusuallv  heavv.  manv  cross  brick  walls  introduced,  and    a 
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series  of  specially  designed  independent  instrument  piers  built,  so 
that  it  is  believed  that  the  mechanical  disturbances  will  not  be 
serious. 

So  many  physical  laboratories  have  suffered  at  the  hands  of 
architects,  wdio  have  sacrificed  every  inside  convenience  in  order  to 
get  the  architectural  effects  of  special  windows,  and  projecting  and 
overhanging  parts,  that  many  professors  of  physics  have  said  "in 
their  wrath."  that  a  physical  laboratory  should  be  of  shop  style  and 
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construction.  It  is  certainly  true  that  the  plain,  square  shop  build- 
ing would  be  better  for  the  purposes  of  physics  than  some  of  the 
adaptations  of  cloister  and  gothic  architecture  that  more  than  one 
department  of  physics  has  had  to  endure.  But  this  Illinois  building 
is  evidence  that  a  physical  laboratory  can  be  architecturally  effective 
without  sacrificing  interior  design.  The  massive  building  with  its 
simple  lines  and  effective  coloring  is  a  dignified  and  beautiful  uni- 
versity building. 

The  chief  material  in  the  exterior  walls  is  a  local  brick  laid 


Third    Kloor. 

in  the  same  manner  as  in  the  ^\'oman's  Building,  where  the  effect 
has  proved  to  be  exceedingly  satisfactory.  These  brick  are  almost 
identical  with  the  Harvard  brick  which  are  used  so  extensively  for 
colonial  buildings  in  the  East,  and  which  were  first  employed  in  the 
ornamental  gateways  at  Harvard  University.  They  are  laid  in 
Fleniiish  bond  in  white  mortar,  with  alx)ut  one-third  ot  the  headers 
dark,  but  distributed  at  random  instead  of  forming  a  pattern.  Bed- 
ford limestone  has  been  freely  used  to  emphasize  the  entrances  and 
for  the  base  course,  belt  courses,  and  the  frieze  of  the  cornice.  It 
is  interesting  to  note  that  two  of  the  most  expensive  physical  labor- 
atories in  the  country,  the  U.  S.  Bureau  of  Standards  at  \\'ashing- 
ton,  and  the  recent  one  at  Princeton,  use  these  same  materials,  name- 
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ly,  selected  red  brick,  trimmed  Avith  Indiana  limestone.  The  in- 
terior walls  are  rough  sand  finished,  and  are  to  be  tinted  later.  The 
doors  and  other  mill  work  are  of  varnished  red  oak.  The  floor  con- 
struction is  of  a  standard  reinforced  slab  type,  with  wooden  floors 
on  strips  imbedded  in  concrete.  The  top  floor  is  of  maple.  The 
corridors  are  covered  with  cork  carpet. 

The  architect,  Mr.  W.  C.  Zimmerman,  had  free  choice  in  the 
style  of  the  exterior.  In  the  interior,  he  followed  with  little  change  the 
floor  plans  which  the  Departmlent  of  Physics  worked  out  after    a 
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study  of  several  years.  In  making  these  studies,  the  supervising  ar- 
chitect. Professor  J.  M.  White,  was  of  great  assistance  in  suggesting 
possibilities  and  correcting  defects. 

The  first  floor  of  the  building  is  a  rectangle  178  feet  by  125 
feet ;  the  upper  floors  are  U  shaped.  The  space  on  the  first  floor  be- 
tween the  wings  is  used  for  the  two  larger  lecture  rooms  and  the 
preparation  room.  These  rooms  are  lighted  from  skylights.  An 
advantage  of  having  the  lecture  room  on  the  first  floor  is  that  it  re- 
duces the  climbing  of  stairs,  quite  as  desirable  for  the  quiet  of  the 
laboratory  as  for  the  convenience  of  the  audience.  This  location 
also  involves  no  change  of  floor  levels  in  the  main  part  of  the  build- 
ing to  obtain  the  height  of  ceiling  needed  for  a  large  lecture  room. 
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The  overhead  Hg^hting  is  pleasant  for  speaker  and  audience,  and  it 
admits  an  easy  and  certain  darkening  for  lantern  work  by  a  system 
of  sliding  shades  operated  between  the  glass  ceiling  and  the  skylight. 
An  incidental  advantage  gained  is  that  of  an  independent  masonry 
pier  at  the  lecture  desk,  thus  making  possible  very  delicate  experi- 
ments in  the  class  room.  The  larger  lecture  room  has  seats  for  270, 
this  number  making  as  large  an  audience  as  is  desirable  for  an  ex- 
perimental lecture.  The  smaller  lecture  room  seats  120.  and  is  for 
minor  courses  in  physics. 

The  west  wing  contains  three  large  laboratories  and  seven  reci- 
tation rooms  besides  service  rooms.  This  will  confine  the  large 
classes  with  most  of  the  traffic  to  the  west  side  of  the  building,  leav- 
ing the  east  w'ing  largely  for  the  advanced  work  of  the  smaller  lab- 
oratories. There  are  21  smaller  laboratories,  3  chemical  rooms,  a 
balance  room,  a  special  lecture  room  seating  50,  photographic  and 
photometer  rooms,  even-temperature  room's,  and  also  the  usual  cloak 
and  toilet  rooms.  The  seminary  and  library  room  is  a  room  27  feet 
by  19  feet  on  the  second  floor  with  three  south  windows.  It  has 
fixed  book  cases,  a  fireplace,  and  special  finish  and  furnishings  so  as 
to  make  it  an  attractive  room  for  reading.  Provision  has  been  made 
for  an  ample  line  of  reference  books,  and  also  sets  of  the  import- 
ant physical  journals  for  the  last  ten  years.  These  will  be  duplicates 
so  that  the  serials  and  books  in  the  main  University  Library  will  al- 
ways be  available  there.  The  seven  offices  face  the  south  and  have 
been  purposely  made  small. 

The  mechanician's  work  shop  is  an  annex  building,  this  build- 
ing also  containing  the  ventilating  fans.  The  foundations  of  this 
annex  are  independent  of  those  of  the  main  building,  though  the  two 
buildings  are  united  above  by  an  archway  with  iron  grille  and  gates. 
Practically  all  rotating  power  n'Sachinery  is  thus  installed  outside  of 
the  main  building.  The  light  machinery  in  the  students*  workshop 
■on  the  first  floor  will  be  direct  connected  units.  The  floor  of  this 
shop  is  a  heavy  concrete  slab  30  feet  by  28  feet,  floated  independent 
of  the  walls  on  18  inches  of  sand,  so  that  no  disturbance  is  expected 
from  the  occasional  running  of  this  light  machinery.  The  elevator 
is  of  the  direct-lift  plunger  type ;  this  type  being  chosen  because  of 
safety  and  because  it  requires  no  rotating  driving  machinery.  The 
elevator  well  is  six  feet  square  and  extends  from  the  unpacking 
room  in  the  basement  to  the  attic  floor,  with  landings  on  the  main 
corridor  of  each  floor,  and  also  on  all  floors  of  the  apparatus  stack. 

The  apparatus  stack  extends  through  three  stories  and  has 
mezzanine  floors  after  the  plan  of  a  library  stack.  The  storage  ca- 
pacity is  thus  practically  doubled  and  the  cases  are  accessible  with- 
out ladders.  In  addition  to  the  stairway,  the  elevator  runs  up 
through  the  apparatus  stack.  Each  laboratory  is  provided  with  one 
or  more  cabinets  for  apparatus  in  current  use. 
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The  battery  nmni  is  in  the  basement,  is  well  lighted  and  has  a 
special  ventilating  shaft.  The  storage  battery  has  a  special 
switchboard  which  is  connected  by  a  number  of  circuits  with 
the  central  experimental  switchboard.  This  central  s\vitchlx)ard  is 
also  supplied  with  continuous,  alternating,  and  polyphase  currents 
from  dynamos  in  the  university  power  house.  Two  or  more  inde- 
pendent circuits  of  No.  8  wire  run  from  the  central  switchboard  to 
each  laboratory  for  experimental  purposes.  AH  laboratories  are 
supplied  with  gas  and  water,  and  several  on  each  floor  with  com- 
pressed air  and  vacuum  pipes.  Future  wiring  and  piping  is  provided 
for  by  tile  ducts,  which  run  from  the  basement  and  lead  to  all  the 
laboratories.  The  heating  is  by  direct  radiation,  with  a  vacuum 
system  of  piping  and  automatic  control.  The  ventilation  is  by  two 
fans  delivering  tempered  air,  one  fan  being  for  the  two  lecture 
rooms  only.  A  vacuum  cleaning  system  will  be  installed  so  as 
to  decrease  dust. 

The  net  floor  area  is  20  665  sq.  ft.  for  the  first  floor  and  shop, 
16  400  sq.  ft.  for  each  of  the  next  two  floors,  and  nearly  7  000  sq.  ft. 
available  in  the  attic.  Of  this  total  area  13  000  sq.  ft.  is  in  corri- 
dors, leaving  a  net  room  area  of  over  47  000  sq.  ft.  in  the  building. 

The  University  was  fortunate  in  letting  its  contract  at  a  time 
of  lower  prices,  so  that  enough  of  the  appropriation  of  S250  000.00 
has  been  reserved  to  furnish  and  equip  the  building  very  complete- 
ly. The  new  building  gives  space  and  facilities  not  only  for  pres- 
ent courses,  but  also  for  a  large  extension  of  work.  The  graduate 
work  is  to  receive  special  attention.  With  the  facilities  of  this 
building,  it  should  become  a  center  of  physical  investgation,  as  well 
as  a  place  of  instruction. 
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A  POWER  HOUSE  FOUNDATION. 


L.  H.  Provine,  B.  S. 
Instructor    in    Architectural    Eng-ineerinor. 


While  engag-ed  in  construction  work  in  the  east,  the.  writer  had 
an  interesting  problem  in  foundations.  The  building  to  be  built  was 
an  extension  of  the  original  Howard  station  of  the  Boston  Elevated 
Railroad  Company  at  Cambridge,  Mass.  There  was  the  original 
station  of  3600  K.  W.  total  capacity,  of  direct  connected  horizontal 
types  of  engines  and  it  was  decided  to  build  an  extension  with  a 
capacity  for  two  units  of  2700  K.  W.  each.  The  present  mstallatidn, 
however,  was  to  be  one  unit,  and  provision  for  a  future  unit.  The 
engine  decided  upon  was  of  the  vertical  cross  compound  condensing 
type,  of  a  normal  rated  capacity  of  4100  H.  P.  built  by  Mcintosh  & 
Seymour.  The  total  weight  of  the  engine  and  generator  was  550 
tons.  The  addition  comprised  an  engine  room  66'xi38'  and  a  boiler 
room  54'xi86'.  The  site  of  the  new  building  was  a  swamp  or  low- 
land on  the  Charles  River,  which  had  been  filled  in  by  the  ashes  from 
the  original  station.  The  underlying  soil  was  of  the  nature  of  peat, 
which  was  of  considerable  depth.  The  proposition  was  to  put  in  a 
foundation  that  would  carry  the  great  load  of  engine,  boilers  and 
necessary  auxiliaries  "and  guard  against  lateral  vibration,  also  bond 
securely  to  the  old  foundation  with  its  horizontal  engmes.  An  en- 
gineer's level  set  up  on  the  proposed  site  showed  a  decided  motion 
of  the  bubble,  which  was  found  to  correspond  with  the  strokes  of 
the  engines  of  the  original  station  when  running  in  synchronism. 

The  scheme  as  adopted  was  to  enclose  the  site  by  a  so-called 
cofferdam  of  6"  yellow  pine  sheet  piling  driven  to  a  depth  of  40 
feet.  This  coft'erdam  would  tend  to  confine  the  soil  within,  to  in- 
crease the  resistance  of  the  foundation  piles  and  also  the  pressure 
from  without  would  tend  to  resist  any  lateral  movement. 

The  entire  area  was  sheet  piled  and  then  excavation  was  started 
inside  the  enclosure  and  carried  down  to  a  depth  of  about  nine  feet 
below  the  outside  grade.  At  this  point  the  peat  was  very  soft  and 
spongy  and  required  large  spread  platforms  for  wagons  and  pile 
drivers.  Piles  were  driven  about  three  feet  on  centers  each  way 
over  the  entire  site  except  directly  under  the  engine  foundations 
where  this  spacing  was  changed  to  two  feet  six  inches  staggered. 
The  piles  a\'eraged  thirty  feet  in  length  and  were  cut  the  required 
length  only  as  needed.  In  case  any  pockets  at  this  depth  were 
found,  the  piles  were  lengthened  accordingly.  The  first  twenty 
feet,  a  pile  settled  into  place  under  the  weight  of  the  hammer.  The 
driving  from  there  on  was  not  at  all  hard,  but  they  were  all  driven 
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until  thcv  "fetched  up"  tn  an  average  of  1"  penetration  in  fine  blows 
of  a  2000  pound  lianmicr  falling-  eig-htecn  feet.  Several  piles  were 
tested  after  having-  been  left  for  a  day  and  it  was  found  impossible 
to  drive  them  further.  The  driving-  was  started  around  the  edges 
of  the  enclosure  and  gradually  closed  in  to  an  area  under  the  boiler 
room.  As  this  area  reached  about  twenty-five  feet  in  diameter,  a 
slight  rise  in  the  level  of  the  soil  was  noticed  and  it  gradually  in- 
creased, as  the  last  piles  were  driven  they  were  put  down  with  a 
great  deal  of  difficulty,  requiring  much  care  in  driving.  The  heads 
of  the  piles  were  then  all  cut  ofi:  below  low  water  level,  thoroughly 
cleaned  and  were  then  ready  to  have  the  concrete  capping.  A  com- 
plete pile  record  was  kept  of  the  entire  building,  giving  the  location, 
length  before  driving,  average  penetration  of  the  last  five  blows  of 
the  hammer,  the  weight  of  the  hammer,  the  fall  and  the  length  of 
butt  cut  off.  This  furnished  an  interesting  record  of  the  depth  of 
the  underlying  soil. 

The  question  of  a  basement  under  the  boiler  room  for  tlie 
handling  of  ashes  and  auxiliaries  was  considered,  but  it  was  decided 
to  abandon  this  since  the  floor  would  be  six  feet  below  mean  high 
water  (the  tide  coming  up  the  Charles  River  twice  daily)  and  the 
cost  and  operation  of  sump  pumps  as  well  as  waterproofing  cemetns 
and  other  precautions  would  not  justify  the  expense.  A  bed  of 
concrete  seven  feet  thick  was  placed  over  the  entire  engine  room 
area  and  four  feet  thick  over  the  boiler  room  area.  On  top  of  this 
concrete,  in  the  boiler  room,  was  placed  a  layer  of  ashes,  bringing 
the  floor  up  to  the  required  grade  on  which  a  concrete  floor  was 
placed.  Since  the  plan  of  a  basement  in  the  boiler  room  had  been 
al~)andoned,  the  ashes  from  the  boilers  were  to  be  raked  from  the 
ash  pits  and  loaded  into  push  cars  running  on  an  imbedded  track, 
dumped  into  a  lift  in  one  corner  of  the  building  which  carried  them 
out  of  the  way.  On  top  of  the  seven  feet  of  concrete,  a  foundation 
of  concrete  for  the  engine  was  carried  fourteen  feet  higher. 

The  old  foundation  under  the  original  power  station  was 
bonded  to  the  new  foundation  b}-  means  of  twisted  rods  and  old 
rails  which  had  been  thoroughly  cleaned.  The  solution  of  this 
foundation  problem  seemed  to  result  as  expected.  After  the  new 
foundation  was  completed,  there  was  no  perceptible  vibration,  al- 
though at  the  far  end  of  the  old  station  the  vibration  was  still  evi- 
dent. 

A  new  brick  chimney  two  hundred  twenty-five  feet  high 
was  also  built.  The  brick  work  was  carried  on  an  octagonal  footing 
of  concrete  thirteen  feet  thick,  which  in  turn  was  carried  on  a  pile 
foundation  driven  to  safe  bearing.  The  chimney  area  was  enclosed 
by  sheet  piling  similar  to  the  new  building. 
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^lAKIXG  CONCRETE  WATERPROOF. 


Ira  O.  Baker.  C.  E..  D.  Eng'g. 
Professor  of  Civil  Engineering. 


Concrete  is  ver}-  largely  emplo}-ed  in  many  building  construc- 
tions, and  in  some  situations  it  is  very  important  that  it  should  be  at 
least  practically  waterproof.  There  are  several  methods  of  render- 
ing concrete  more  or  less  impermeable  to  water,  some  of  which  are 
simple  and  free  to  any  one,  and  some  of  which  consist  in  using  secret 
or  patented  compounds.  Of  the  former  the  simplest  method  consists 
in  mixing  hydrated  lime  or  finely  divided  clay  with  the  concrete, 
thus  at  least  partially  filing  the  voids  or  interstices  in  the  concrete 
and  decreasing  the  percolation  of  water.  Another  smiple  method 
consists  in  mixing  powdered  alum  with  the  cement  and  dissolving 
ordinary  soap  in  the  water  to  be  used  in  mixing  the  concrete.  Al- 
though the  latter  materials  have  been  used  for  more  than  sixty  years 
as  a  wash  for  rendering  masonry  impervious  to  water,  and  although 
in  recent  years  they  have  frequently  been  employed  as  ingredients 
of  concrete  to  make  the  entire  mass  impermeable,  the  proportions 
to  be  employed  and  the  reason  for  the  effect  seems  to  have  had 
little  or  no  scientific  consideration,  at  least  the  proportions  used  in 
practice  vary  very  widely.  For  the  purpose  of  securing  data  for 
use  in  the  revised  edition  of  the  writer's  Treatise  on  Masonry  Con- 
struction, now  in  preparation,  certain  investigations  and  experi- 
ments have  been  made  ;  and  it  is  the  object  of  this  article  to  present 
these  results  more  full}-  than  can  be  done  in  the  book  mentioned. 

Alum  and  Soap  Waterproofing  Compound. 

To  use  the  alum  and  soap  method  of  decreasing  the  permeability 
of  mortar  or  concrete,  the  alum  in  powdered  form  may  be  mixed 
with  the  drv  cement  or  the  sand,  and  the  soap  may  be  dissolved  in 
the  water  emploved  in  mixing  the  concrete  ;  or  both  the  alum  and 
the  soap  may  be  dissolved  in  the  water.  The  former  is  probably  the 
safer  method  in  practice,  since  with  the  latter  method  the  water  must 
be  thoroughly  stirred  while  the  two  are  being  mixed  or  the  precipi- 
tate may  form  in  large  masses  which  it  is  practically  impossible  to 
break  up :  and  further  the  water  must  be  kept  stirred  to  prevent  the 
compound  from  accumulating  on  the  surface.  These  are  conditions 
that  it  is  not  always  easy  to  be  certain  of  securing.  However,  the 
alum  is  more  easily  dissolved  than  the  soap ;  and  hence  the  alum 
may  be  dissolved  in,  say,  one  fifth  of  the  water  and  the  so.ap  in  the 
remaining  four  fifths,  and  then  the  two  portions  may  be  mixed 
together,  being  careful  to  stir  them  as  the  mixing  progresses.     The 
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alum  and  the  soap  combine  and  form  a  finel\--divided,  flocculent. 
insoluble,  water-repelling  compound  which  fills  the  pores  of  the 
concrete  and  decreases  its  permeability. 

The  best  proportions  are :  alum  i  part  and-  hard  soap  2  parts, 
both  by  weight.  Soap  varies  in  its  chemical  composition,  and  hence 
a  single  proportion  can  not  be  stated  which  will  be  chemically  exact 
for  all  cases.  The  above  proportion  is  in  round  numbers  the  rela- 
tive combining  weights  of  alum  and  average  hard  soap ;  and  hence 
it  is  the  best  proportion  to  use,  although  widely  different  propor- 
tions have  been  used  in  practice  with  success.  Any  reasonably  pure 
soap  will  do ;  but  if  soft  soap  is  employed,  a  greater  amount  should 
be  used  in  proportion  to  the  amount  of  water  in  it. 

It  is  difficult  to  dissolve  more  than  about  3  per  cent,  of  hard 
soap  in  cold  water ;  and  hence  this  practically  limits  the  amount  of 
alum  to  1.5  per  cent,  and  of  the  soap  to  3  per  cent.  These  amount^ 
will  give  a  precipitate  ecjual  to  about  3  per  cent,  of  the  weight  of 
the  total  water.  The  amount  of  ^precipitate  formed  in  the  pores  of 
the  mortar  or  concrete  will  depend  upon  the  amount  of  water  used 
in  the  mixing.  Of  course,  if  it  were  desired  to  use  a  greater  quan- 
tity of  soap  and  alum,  the  soap  could  be  first  dissolved  in  a  smaller 
quantity  of  hot  water,  which  is  afterwards  mixed  with  the  water 
used  in  making  the  mortar ;  but  this  is  hardly  practicable,  nor  neces- 
sary, as  will  appear  presently. 

An  excess  otf  aJum  does  no  ha,rm,  since  alum  alone  is  a  fair 
waterproofing  material.  An  excess  of  soap  does  no  harm :  and  an 
excess  is  better  than  a  deficiency,  since  the  excess  will  unite  with  the 
free  lime  of  the  cement  and  form!  calcium  soap — a  finely-divided, 
water-repelling  compound  which  is  apparently  the  essential  element 
of  several  of  the  proprietary  waterproofing  compounds.  The  above 
is  the  explanation  why  such  diverse  proportions  of  alum  and  soap 
give  reasonably  successful  results  in  actual  practice. 

Effect  of  Watkr-Rupelling  Compound. 

A  film  of  oil  on  the  wires  of  a  moderately  fine  sieve  makes  it 
nearly,  if  not  quite,  water-tight.  The  question  then  naturally  oc- 
curs :  Can  a  water-repelling  compound  in  the  concrete  act  in  the 
same  way  as  oil  on  a  sieve?  Or  in  other  words,  can  a  volume  of 
water-repelling  compound  less -than  the  volume  of  the  voids  in  the 
concrete  decrease  the  permeability  of  the  concrete  in  a  greater  ratio 
than  the  per  cent,  of  the  voids  filled?  If  so,  then  a  water-repelling 
compound  is  more  efficient  in  decreasing  the  permeability  of  a  con- 
crete than  a  miere  void-filling  material. 

To  test  the  effect  of  a  w-ater-repelling  ingredient  upon  the  per- 
meability of  concrete,  a  series  of  experiments  were  made  under  the 
writer's  direction  by  Mr.  B.  L.  Bowling  in  the  cement  laboratory  of 
the  University  of  Illinois.     The  experiments  consisted  in  moulding 
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a  series  of  Portland-cement  mortar  disks  in  short  lengths  of  6-inch 
pipe,  subjecting  these  disks  to  water  under  pressure,  and  measuring 
the  amount  of  percolation.  For  convenience  in  making  the  experi- 
ments, mortar  was  used  instead  of  concrete.  The  mortar  for  the 
treated  and  the  untreated  disks  was  alike  except  for  the  alum  and 
soap  compound.  However,  the  mortars  containing  the  alum  and 
the  soap  were  invariabh-  drier  than  those  m|ade  without  these  in- 
gredients ;  but  this  probably  has  no  significance  in  this  connection. 
An  inch  annulus  at  the  circumference  of  both  the  top  and  the  bot- 
tom faces  of  the  disk  was  coated  with  hot  asphalt,  and  also  covered 
with  a  rubber  gasket  against  which  a  flat  casting  was  pressed  by 
bolts  through  an  external  flange ;  and  consequently  the  flow  was 
through  a  disk  4  inches  in  diameter  and  2  inches  thick.  The  per- 
colating water  was  caught  in  a  tin  funnel,  the  top  of  which  fitted 
closely  against  the  lower  casting  and  the  neck  of  which  passed 
through  a  perforated  rubber  stopper  into  a  bottle.  The  water  pres- 
sure varied  from  40  to  45  pounds  per  square  inch.  The  date  and 
the  results  of  the  experiments  are  given  in  the  table  on  page  52. 
Tests  I  and  2  were  made  together,  as  also  tests  3  to  6,  and  7  to  9. 
The  intention  was  to  have  four  tests  in  each  series,  but  through  one 
reason  or  another  some  of  the  tests  were  of  doubtful  value  or  were 
useless,  and  hence  are  not  reported. 

The  mortar  used  in  making  the  disks  was  i :  6,  which  is  un- 
usually lean  and  porous,  but  it  was  purposely  made  porous  the  bet- 
ter to  test  the  effect  of  the  alum  and  soap  compound.  Known 
weights  of  cement,  sand,  and  water  were  used,  and  the  volume  of  the 
mortar  produced  was  measured ;  and  then  knowing  the  specific 
gravity  of  the  several  ingredients,  the  density  of  the  resulting  mor- 
tar was  computed  by  a  process  not  necessary  to  explain  here.  The 
voids  in  each  disk  are  stated  in  the  table,  and  ranged  between  23.4 
and  24.0  per  cent.  If  the  sand  had  not  been  well-graded,  the  per 
cent,  of  voids  would  have  been  considerably  greater,  and  also  the 
individual  voids  would  have  been  larger.  A  i  :  2  :  4  concrete  made  of 
well-graded  sand  and  stone  would  have  only  about  12  to  15  per  cent, 
of  voids. 

The  amount  of  water  used  in  making  each  of  the  several  disks 
is  stated  in  the  table  on  page  52.  Knowing  the  per  cent,  of  alum  and 
soap  in  the  water  and  the  amount  of  water  used  in  mixing,  it  is  easy 
to  compute  the  amount  of  the  precipitate  in  the  mortar.  The  amount 
of  precipitate  in  each  disk  is  given  in  the  table.- 

The  percolation  for  each  of  several  successive  24-hour  periods  is 
given  in  the  table.  The  results  show  that  the  alum  and  soap  pre- 
cipitate is  quite  eft'ective  in  decreasing  the  percolation.  In  the  first 
series  of  experiments.  No.  i .  and  2,  the  alum  and  soap  compound 
equal  to  1.2  per  cent,  of  the  cement  stopped  a  little  over  76  per  cent, 
of  the  porcolation  during  the  first  24  hours ;  and  the  corresponding 
results  for  the  other  series  are  54  and  69  per  cent.,  respectively.  The 
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variation  in  the  several  series  is  surprisingly  large,  but  it  is  certain 
that  the  experiments  were  carefully  made ;  and  the  range  in  the  re- 
sults probably  indicates  the  effect  of  undetected  inequalities  in  the 
materials,  the  proportions,  and  the  mixing. 

Somiewhat  similar  results  were  obtained  for  each  of  the  succes- 
sive 24-hour  periods.  The  decrease  in  percolation  through  the 
treated  and  also  through  the  untreated  disks  is  due  to  two  causes, 
viz.:  I.  The  percolating  water  doubtless  has  in  it  some  solid  mat- 
ter, which  clogs  the  pores  of  the  upper  surface  of  the  disk.  How- 
ever, the  water  employed  was  that  in  the  city  water  mains  and  was 
reasonably  free  from  solids.  2.  The  percolating  water  takes  up  the 
soluble  portions  of  the  mortar  from  the  upper  part  of  the  disk  and 
carries  them  to  the  lower  part.  It  is  universal  experience  that  all 
masonry  becomes  more  nearly  water-tight  after  use.  It  is  interesting 
to  note  that  in  this  series  of  experiments  the  average  percolation 
during  the  twelfth  24-hour  period  was  only  2.6  per  cent,  of  that  dur- 
ing the  first  period. 

The  most  interesting  feature  of  these  experiments  is  that  the 
alum  and  soap  compound  equal  to  an  average  of  1.2  per  cent,  of  the 
cement  in  a  mortar  containing  an  average  of  23.7  per  cent,  voids, 
stopped  65  per  cent,  of  the  percolation ;  or,  in  other  words,  adding 
water-repelling  void-filling  material  equal  to  approximately  5  per 
cent,  of  the  voids  reduced  the  percolation  to  one-third  of  that  of  un- 
treated mortar.  One  can  hardly  conceive  that  an  equal  amount  of  a 
non-repelling  void-filling  material  would  l^e  equally  effective.  Ap- 
parentlv  then  the  alum  and  soap  compound  in  the  concrete  acts  like 
oil  on  the  wires  of  a  sieve.  The  experiments  are  being  continued 
to  determine  the  effect  of  the  alum  and  soap  compound  with  less- 
porous  mortars. 

The  mixing  of  alum  and  soap  in  the  concrete  reduces  its 
strength  somewhat ;  but  there  are  many  situations  in  which  strength 
is  unimportant,  or,  at  least  is  less  important  than  water-tightness. 
The  effect  of  the  alum  and  soap  upon  the  strength  of  the  mortar 
varies  a  little  with  the  method  of  storing  the  test  samples.  For  ex- 
ample, the  mean  of  six  neat  Portland  cement  briquettes  mixed  with 
21  per  cent,  of  water  which  contained  >i  of  i  per  cent,  of  alum  and 
1/4  per  cent,  of  new  "Ivory"  soap,  when  left  in  the  molds  i  day  and 
stored  in  a  moist  chamber  for  6  days,  had  a  strength  of  87  per  cent, 
of  that  of  similar  briquettes  made  with  water  alone ;  and  when  left 
in  the  moulds  one  day  and  then  stored  6  days  in  water  had  84  per 
cent. ;  and  when  twice  as  much  alum  and  soap  were  used,  the 
strength  was  83  and  71  per  cent,  respectively. 


54  The   TliCHNOGRAPH. 

A  Butter  Water-Repelling  Compound. 

Instead  of  using  alum  and  soap  as  above,  it  is  better  to  substi- 
tute aluminium  sulphate  (sometimes,  but  improperly,  called  alum) 
for  the  alum.  The  aluminium  sulphate  is  cheaper  than  alum,  and 
only  about  two  thirds  as  much  of  it  is  required ;  and  the  compound 
formed  is  equally  water-repelling.  The  best  proportion,  in  round 
numbers,  is:  i  part  of  aluminium  sulphate  to  3  parts  of  hard  soap, 
both  by  weight.  Aluminium  sulphate  equal  to  i  per  cent,  of  the 
water  and  hard  soap  equal  to  3  per  cent,  of  water  will  give  a  dry 
precipitate  equal  to  2.5  per  cent,  of  the  w^ater. 

As  with  the  alum  and  the  soap,  an  excess  of  either  of  these  in- 
gredients does  no  harm ;  but  an  excess  of  soap  is  better  than  an 
excess  of  aluminium  sulphate,  since  the  soap  unites  with  any  free 
lime  in  the  cement  and  forms  calcium  soap,  wdiich  is  a  better  water- 
proofing material  than  the  aluminium  sulphate  alone. 

Apparently  no  attention,  except  possibly  by  the  manufacturers 
of  proprietary  waterproof  compounds,  has  been  given  to  the  relative 
effect  of  capilliary  repellent  and  capilliary  attractive  compounds. 

One  of  the  best  means  of  making  mortar  or  concrete  waterproof 
is  to  make  a  dense  mixture,  i.  e.,  to  use  plenty  of  cement  and  well- 
graded  sand  and  broken  stone ;  but  nevertheless  there  are  circum- 
stances in  which  it  is  desirable  to  use  a  waterproof  wash  or  to  make 
a  moderately  lean  mixture  impermeable  by  adding  a  waterproofing 
ingredient  to  the  mortar  or  the  concrete.  Either  pair  of  the  above 
ingredients  is  excellent  when  used  as  a  wash  to  make  a  wall  water- 
proof, as  for  example  a  cistern.  To  use  them  for  this  purpose,  make 
solutions  of  the  alum  or  the  aluminium  sulphate  and  of  the  soap  of 
the  proportions  stated  above ;  and  then  apply  one  of  the  solutions 
to  the  wall,  and  when  it  has  dried  apply  the  other.  Apply  as  many 
pairs  of  coatings  as  may  be  necessary,  which  will  usually  be  only 
two  or  three.  It  is  better  to  apply  the  solutions  hot ;  and  it  is  im- 
portant that  they  should  be  well  rubbed  on,  but  it  is  vital  that  the}" 
shall  not  be  rubbed  to  form  a  froth. 
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REME\\'  OF  ^lETHODS  OF  WATERPROOFING 
CONCRETE  STRUCTURES. 


C.  G.  Derick,  S.  B. 
Assistant  in   Organic   Chemistry, 


The  rapid  development  in  the  use  of  cement  plasters  and  con- 
crete for  construction  purposes  has  brought  forth  many  new  prob- 
lems for  solution.  Perhaps  one  of  the  most  important  has  been 
that  of  constructing  water-proof  structures,  that  is,  structures  which 
are  proof  from  percolating  water  as  well  as  from  dampness.  Yet 
in  another  light,  this  problem  of  water-proof  construction  applies 
equally  well  to  the  use  of  building  materials  other  than  cement. 

The  reasons  for  water-proof  construction  are  many,  and  differ 
with  the  locality.  In  general  it  is  very  desirable  to  make  reservoir 
dams  of  material  impervious  to  water.  Along  the  sea-coast  the 
problem  becomes  very  acute.  Cellars  to  our  modern  business  blocks 
are  sunk  far  below  the  high  tide  mark  and  in  certain  cases  under  the 
writer's  observation,  sub-basements  were  subjected  at  high  tide  to 
the  pressure  of  18  feet  of  water.  But  such  basements  are  of  great 
value  for  storage  and  must  be  water-proof.  Again  in  certain  places 
water  and  sewage  mains  must  run  in  parallel  and  it  is  of  the 
greatest  importance  that  no  contamination  of  the  water  supply 
should  be  possible.  But  perhaps  the  greatest  argument  for  water- 
proof construction  is  durability  and  permanency.  The  reinforcing, 
which  makes  the  extended  use  of  cement  concrete  possible,  must 
remain  intact.  But  many  observations  have  shown  that  this  is  not 
the  case  where  the  concrete  is  pervious  to  water  and  exposed  to 
the  action  of  chemicals  in  solution  in  the  wat&r.  From  this  view 
point  water-proofing  is  very  necessary  to  prevent  the  disintegration 
of  reinforcing  as  well  as  the  cement  itself. 

To  construct  water-proof  structures  for  one  or  more  of  the 
above  reasons  has  long  been  the  task  of  the  engineer.  A  question 
much  discussed  is  whether  or  not  it  is  possible  to  construct  build- 
ings from  cemjent  concrete  alone  which  shall  be  water-proof.  Be- 
yond a  doubt  this  is  possible,  for  a  carefully  applied  cement  plaster 
lining  of  foundation  walls  has  in  many  cases  rendered  these  walls 
impervious  to  water.  But  such  work  requires  special  materials  and 
workmanship.  The  sand  and  stone  must  be  carefully  graded  and 
applied  with  the  greatest  care.  A  member  of  a  prominent  New  Eng- 
land firm  summing  up  the  whole  matter  stated  that  it  is  not  a 
question  as  to  whether  or  not  cement  concrete  may  be  made  water- 
proof by  the  careful  gradation  of  materials  in  the  hand  of  expert 
men,  but  that  with  the  ordinary  type  of  unskilled  labor  employed 


3^  .  TiiK  Tkch.nograph. 

water-proof  construction  is  impossible.  This  statement  was  made 
in  spite  of  the  fact  that  his  company  held  the  record  for  the  con- 
struction of  water-proof  structures  in  that  neighborhood.  Further. 
he  stated  that  anything  which  could  be  added  to  the  concrete  to  in- 
sure its  being  water-proof  without  greatly  increasing  its  cost  was 
to  be  desired  and  had  an  almost  unlimited  application. 

It  is  a  well  known  fact  that  alum  and  soap  mixtures  have  been 
used  for  water-proofing  since  the  middle  of  the  last  century.  \'ery 
probably  at  fir-et  they  w'ere  used  as  external  washes,  but  more  re- 
cently they  have  been  applied  to  concrete  itself,  by  means  of  the 
water  used  in  the  mix.  Various  proportions  of  alum  and  soap  have 
been  recommended,  but  in  every  case  there  is  a  distinct  lack  of 
cleanness  about  each  procedure,  caused  apparently  by  a  lack  of  the 
knowledge  as  to  how  the  water-proofing  efl:'ect  is  brought  about. 
The  water-proofing  effect  is  due  to  the  precipitation  of  the  insoluble 
aluminium  salts  of  the  organic  acids  occuring  in  soap.  These 
salts  partially  fill  the  pores  of  the  concrete  and  give  the  finished 
concrete  a  repellent  action  toward  water.  Hence  it  is  evident  that 
the  alum  and  soap  should  be  used  in  the  exact  proportion  demanded 
bv  the  chemical  equation.  But  to  determine  this  proportion  the 
analysis  of  the  soap  must  be  known  as  well  as  the  composition  of 
the  alum.  INIoreover  the  best  practice  today  recommends  that  the 
amount  of  alum  and  soap  precipitated  into  the  concrete  should  equal 
but  not  greatly  exceed  2%  of  the  neat  cement  used  in  the  ordinary 
mix  for  concrete.  But  the  use  of  alum  is  needlessly  expensive. 
Alum  has  the  formula  K^  SO4,  Al,  (SO^)..,,  24H0O  in  which  the 
desired  material,  aluminium  sulphate,  AU"  (SO^).,  makes  up  only 
36%  of  the  wdiole.  It  would  be  far  better  to  use  alum  sulphate, 
which  as  a  commercial  product  has  the  formula  AU  (80^)3  iSHoO 
in  which  there  is  51%  of  the  desired  AU  fSO^  l...  Even  with  this 
modification  the  method  is  much  more  expensive  than  many  others 
which  give  just  as  good  results. 

Until  very  recently  the  use  of  the  tar  and  felt  seal  method  for 
water-proofing  buildings  has  had  universal  application.  It  can  be 
applied  to  structures  built  of  any  ordinary  building  material  and  if 
successfully  applied  gives  very  satisfactory  results.  This  seal  is 
applied  by  two  dift'erent  methods.  First,  it  may  be  applied  to  the 
outer  surfaces  of  the  foundation  walls  and  floor.  Second,  it  may  be 
applied  to  the  inner  surfaces  of  the  same. 

One  method  of  applying  this  seal  to  the  outer  surfaces  of  walls 
and  floor  consists,  in  brief,  in  first  building  a  small  retaining  wall  of 
some  cheap  material  which  will  sup])ort  the  seal  until  the  real  foun- 
dations are  put  in  place,  as  well  as  to  protect  it  from  the  outside 
wear.  This  retaining  wall  is  mopped  with  tar,  to  which  is  applied 
tar  paper  which  is  then  carefully  mopped  with  hot  tar  to  seal  all 
joints.  Several  successive  layers  of  paper  and  tar  are  applied  ac- 
cording to  the   specifications.     Great  care  is  taken,   or  should  be. 
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to  insure  each  layer's  being  water-proof  before  the  next  is  applied. 
When  the  seal  is  completed  the  foundation  walls  are  built  snug 
against  it.  The  seal  makes  a  complete  water-proof  shell  within 
which  the  foundation  walls  and  floor  rest. 

In  the  second  method,  the  shell  is  constructed  within  the  finished 
structure.  To  protect  it  and  hold  it  in  place  a  retaining  wall  is 
built  within  the  foundation  walls  and  this  retaining  wall  varies  in 
thickness  according  to  the  external  water  pressure. 

Practice  differs  as  to  which  method  shall  be  employed,  but 
many  firms  desire  to  apply  the  seal  to  the  inner  surface  of  the  foun- 
dations as  given  in  the  second  method,  the  reasons  for  which  will 
appear  presently.  With  the  first  method  careful  over-seeing  is 
necessary  to  prevent  the  seal  from  being  punctured  while  the  foun- 
dation walls  are  being  built,  for  often  one  firm  applies  the  seal  and 
another  puts  in  the  foundations.  If  the  seal  is  punctured,  it  is 
very  difiicult  to  fix  the  responsibility,  and  this  is  one  reason  why 
the  seal  method  is  undesirable.  The  strongest  argument  against 
the  use  of  the  seal  is  the  difficulty  of  patching  it  after  the  structure 
is  completed  and  the  seal  becomes  punctured.  A  break  in  the  seal 
is  made  evident  by  a  damp  spot  on  the  wall,  or,  often,  percolating 
water.  At  this  point  the  walls  are  torn  away  to  expose  the  seal ; 
but  as  often  happens  the  puncture  is  not  at  this  point — so  the  wall 
must  be  removed  until  the  leak  is  found.  It  is  very  evident  that 
this  process  is  much  simpler  in  the  second  case  where  the  shell  is 
wdthin  the  foundation's  walls  and  supported  by  a  thin  retaining 
wall.  In  either  case  the  cost  of  repairing  the  seal  is  very  great  and 
the  uncertainty  of  quickly  locating  the  leak  makes  the  method  un- 
desirable. In  one  case,  where  the  writer  was  called  in  to  assist  after 
three  weeks  of  steady  searching  the  leak  was  found.  In  another 
case — that  of  the  Shawmut  Bank  building  in  Boston — where  the 
seal  was  applied  to  the  outer  surface  of  the  foundations — the  writer 
found  the  only  way  to  make  the  completed  structure  water-proof 
was  to  apply  a  patent  water-proof  cement  coating  to  the  inner  sur- 
face of  the  brick  walls  of  the  entire  cellar.  The  objections  to  the 
use  of  the  second  method  of  applying  the  seal  are  that  much  valu- 
able storage  space  is  taken  up  by  the  retaining  walls  and  that  the 
reinforcing  in  the  foundation  walls  is  exposed  to  the  action  of  the 
ground  water. 

The  result  of  the  general  dissatisfaction  with  the  seal  method 
has  resulted  in  the  discovery  of  many  new  methods  of  water-proofing 
and  today  there  exist  several  firms  making  chemicals  which,  when 
appliefl  to  the  cement,  will  insure  its  imperviousness  to  water.  The 
present  methods  are  very  different  but  fall  into  two  general  groups, 
namely,  those  that  are  applied  as  external  washes  or  paints  and  those 
that  are  incorporated  into  the  cement  during  the  mixing. 

Under  the  first  division,  the  use  of  alum  and  soap  washes,  ce- 
ment grout,  finely  suspended  slaked  lime  or  magnesium  carbonate, 
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asphalt  paints  and  interior  coatings  of  tar  or  asphalt  are  the  most 
important.  In  the  cases  where  the  external  pressure  due  to  the 
water  is  small  these  methods  will  give  more  or  less  water-proof 
structures,  but  in  every  case  they  are  exposed  to  wear  and  soon 
become  punctured.  Here  again  the  reinforcing  is  exposed  to  the 
action  of  the  ground  waters  which  seep  through  the  concrete. 

The  modern  water-proofing  that  is  giving  the  most  satisfactory 
results  is  that  in  which  the  water-proofing  material  is  made  a  con- 
stituent part  of  the  concrete.  Such  material  nuist  be  insoluble  in 
water  and  possess  permanency  toward  heat,  atmospheric  conditions, 
and  the  substances  carried  in  solution  in  the  ground  water, — weak  or- 
ganic acids,  alkalies,  etc.  Moreover  they  must  have  a  harmless  ac- 
tion upon  the  concrete  itself,  that  is,  they  must  not  decrease  its 
temportiry  or  permanent  strength.  \\  ith  these  qualifications  in  mind 
the  problem  becomes  much  restricted  for  the  chemist,  and  the  result 
has  been  several  very  successful  methods  of  rentlering  the  concrete, 
within  itself,  impervious  to  water. 

This  type  of  water-proofing  is  accomplished  by  three  different 
general  methoels.  By  the  first  the  foreign  material  may  be  addetl 
to  the  concrete  by  means  of  the  water  used  in  the  mix,  either  as  .i 
true  solution  or  as  a  suspension.  In  such  cases  where  the  water- 
proofing material  is  added  as  a  true  solution,  the  chemicals  mu^t 
react  with  each  other  or  with  chemicals  in  the  cement  to  produce 
the  desired  insoluble  water-proofing  compounds.  Few  processes. of 
this  type  are  now  employed  and  they  are  trade  secrets.  One  firm, 
which  well  illustrates  the  recent  development  in  this  type  of  water- 
proofing, first  used  a  true  solution,  next  employed  a  treated  cement 
and  at  present  use  a  prepared  cement  ready  for  application  as  a 
plaster,  which  consists  of  cement,  sand  and  water-proofing  com- 
pounds. Many  reasons  luay  be  advanced  for  this  development, 
namely,  secrecy,  insurance  of  equal  distribution  of  water-proofing 
compoutuls,  and  profits  upon  the  cement,  sand  and  chemicals. 

Under  the  second  subdivision  of  this  first  general  method,  the 
alum  and  soap  mixtures  are  representative  examples.  But  the  use 
of  lime  and  soap  mixtures  is  by  far  the  cheaper  and  of  exactly 
the  same  water-proofing  value.  The  pro^luct  formed  by  these  mix- 
tures is  a  calcium  soap,  which  is  insoluble  in  water  and  very  stable 
under  ordinary  conditions.  But  if  used  in  a  boiler  room  it  nuist 
be  protected  by  a  considerable  thickness  of  concrete  where  it  under- 
lies the  fire  box.  Onlinary  insulated  steam  pipes  do  not  affect  these 
soaps.  Wry  recently,  experiments  have  shown  that  colloidal  clay 
may  be  used  as  a  water-proofer  with  excellent  results.  Yet  manv 
tempting  dangers  follow  in  its  course,  since  it  offers  a  great  in- 
centive to  fraudulent  cement  making.  Moreover  it  is  not  always 
acce?;sible  and  unskilled  labor  is  hardly  to  be  trusted  with  its  use. 

In  the  second  general  method,  the  foreign  material  is  added  to 
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the  neat  cement  by  means  of  organic  solvents.  The  water-proofing 
materials  are  in  general  parafifine,  stearic  acid,  and  waxes.  A  solu- 
tion of  these  in  benzine  is  applied  to  the  neat  cement  and  the  organic 
solvent  evaporated  while  the  cement  is  agitated  to  insure  equal  dis- 
tribution of  the  water-proofer.  It  is  very-  evident  that  this  method 
is  costly  because  of  the  materials  and  special  apparatus  needed  and 
it  can  never  hope  to  compete  with  the  calcium  soap  method. 

Lastly,  in  the  third  general  method,  the  water-proofing  ma- 
terial is  added  by  mechanical  mixing  of  the  foreign  matreial  and  the 
neat  cement,  of  the  foreign  material,  neat  cement  and  sand,  or  of 
the  foreign  material,  neat  cement,  sand  and  stone.  By  whatever 
process  employed,  its  success  as  a  water-proofer  depends  upon  its 
thorough  and  equal  distribution  throughout  the  concrete  so  as 
to  render  each  part  of  the  finished  structure  equally  impervious  to 
water.  The  literature  upon  this  subject  very  early  noted  the  use 
of  mixtures  of  slaked  lime  and  waxes,  which  were  ground  with  the 
neat  cement,  the  idea  being,  that  in  the  presence  of  water,  insoluble 
calcium  salts  of  organic  acids  would  be  precipitated  within  the  con- 
crete. Such  a  method  introduces  needless  materials  of  excessive 
cost.  In  the  place  of  lime  and  waxes  should  be  added  calcium  soaps 
which  are  a  commercial  product  and  very  cheap.  Many  trade 
products  such  as  the  Medusa  water-proofing  compound  are  undoubt- 
edly nothing  but  the  lime  salts  of  certain  organic  acids  or  their 
equivalents.  For  a  detailed  description  of  these  compounds  and 
their  use,  the  prospectus  put  out  by  the  Medusa  Water-proofing 
Company  will  suffice. 

The  writer  has  experimented  with  each  of  the  foregoing  clasess 
of  compounds  used  to  make  cement  impervious  to  water.  The  sub- 
'  stances  used  being  paraffine,  beeswax,  carnauba  wax,  spermaceti, 
linseed  oil  and  salts  of  organic  acids  wdiich  were  applied  according 
to  some  of  the  above  mentioned  methods.  A  qualitative  test  adopted 
to  show  the  presence  of  water-proofing  characteristics  consisted  in 
making  small  cup-like  pieces  of  cement  plaster  treated  by  each  of 
the  above  chemicals.  These  moulds  were  filled  with  water,  after, 
having  thoroughly  set,  and  if  the  chemicals  gave  the  cement  plaster 
water-proofing  characteristics  of  any  value  no  percolation  or  damp- 
ness should  appear  on  the  bottom  of  the  moulds  no  matter  how  long 
the  water  remained  in  them.  In  general  a  1:1  or  1:2  mix  with  a 
good  sharp  sand  was  used  in  making  the  moulds.  Moulds  contain- 
ing the  following  percentages  of  water-proofing  compounds  were 
used:  i-ioo,  i-io,  1-2,  i,  2,  and  5.  In  every  case  marked  water- 
proofing qualities  were  noted  even  with  the  percentage  of  material 
as  low  as  1-100%,  but  more  satisfactory  results  were  obtained 
only  when  the  water-proofing  material  ranged  from  1-2  to  2%  of  the 
neat  cement  employed.  In  every  case,  5%  of  foreign  material 
destroyed  the  strength  of  the  plaster  while  2%  or  under  apparently 
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made  no  difference  in  the  tensile  strength  tests.  The  presence  of 
the  water-proofing  material  had  a  marked  effect  on  the  rate  of  the 
preliminary  hardening  which  was  always  checked.  Of  all  the 
chemicals  used,  the  lime  soaps  appeared  the  most  desirable  and 
with  these  quantitative  tests  were  made.  The  first  test  was  to  patch 
a  leaking  brick  wall  which  had  been  previously  coated  with  a  plaster 
of  a  water-proof  cement.  After  checking  the  flow  of  water,  the 
leaks  were  coated  with  the  treated  cement  containing  i%  of  lime 
soap  using  a  i  :i  mix.  After  successfully  completing  this  test, 
the  original  concrete  on  a  piece  of  new  construction  was  treated 
with  the  same  chemicals.  The  result  was  a  water-proof  structure 
quite  impervious  to  the  external  water  pressure  of  eight  feet.  Fur- 
ther this  test  showed  that  concrete  may  be  more  easily  water-proofed 
than  cement  plaster  and  that  it  requires  no  greater  percentage  of 
water  proofing  materials. 

The  question  now  naturally  arises  as  to  how  such  water-proof- 
ing is  brought  about.  To  this  question  no  correct  answer  can  be 
given  at  present.  However,  it  is  evident  that  the  small. percentage 
of  foreign  material  added  to  the  concrete  does  not  fill  the  voids  in 
the  same,  completely  nor  to  any  appreciable  extent.  Yet  one  char- 
acteristic of  water-proofed  concrete  is  very  evident.  The  capillarity, 
which  causes  the  water  quickly  to  creep  over  and  through  ordinary 
concrete  is  destroyed  in  the  case  of  the  water-proofed  product.  In 
this  direction,  the  cause  of  water-proofing  may  find  its  ultimate 
explanation. 
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STEAM  TURBINE  PERFOR^IANCE.* 


J.  C.  Thorpe,  M.  E. 
Assistant  Professor  of  Steam  Engineering-. 


A  consideration  of  some  particular  installations  with  the  re- 
sults of  steam  economy  tests  will  indicate  the  measure  of  success 
that  has  attended  the  recent  developnient  of  steam  turbine  practice. 

In  1902,  after  very  careful  consideration  of  the  steam  turbine 
problem,  the  Commonwealth  Electric  Company,  of  Chicago,  pur- 
chased the  first  5000  Kw.  machine  that  was  built.  Just  previous  to 
this  the  Westinghouse  Company  had  taken  the  contract  to  build  a 
1500  Kw.  unit  which  was  installed  in  the  plant  of  the  Hartford 
Electric  Light  Company,  of  Hartford,  Connecticut.  It  is  worthy 
to  note  that  this  turbine.  Unit  No.  i  in  the  Fisk  Street  Station  of 
the  Commonwealth  Edison  Company,  was  the  result  of  the  first 
effort  that  had  ever  been  made  in  this  country  to  build  a  machine 
of  this  type  larger  than  600  Kw.  The  600  Kw.  turbine  mentioned 
was  a  two  stage,  horizontal  Curtis  machine  installed  in  1901  in  the 
shops  of  the  General  Electric  Company  at  Schenectady,  New  York. 
It  is  a  compliment  to  the  engineers  and  management  of  the  General 
Electric  Company  who  built  and  installed  this  first  larger  unit,  that 
they  planned  and  built  so  well  and  confidently  at  that  time.  We 
doubt  not  that,  in  the  light  of  more  recent  designs,  this  first  large 
turbine  to  be  installed  in  this  country  fails  to  nourish  the  pride  of 
its  designer,  and  yet,  all  must  agree  that  the  undertaking  at  that 
time  was  very  meritorious. 

The  writer  has  been  privileged  during  the  past  three  years  to 
conduct  tests  on  three  of  the  units  in  the  Commonwealth  Electric 
Company's  station.  These  units  with  the  approximate  dates  of  in- 
?tallation  and  their  respective  Kw.  ratings  are  as  follows : 

Unit  No.   I,  first  operated  September,  1902,  nor- 
mal capacity  5000  Kw. 

Unit  No.  4,  first  operated  September,   1905,  nor- 
mal capacity,   5000  Kw. 

Unit  No.  8,  first  operated  December,   1906,  nor- 
mal  capacity,  8000  Kw. 

*Extracted  from  paper  presented  before  the  Western  Society  of  Engin- 
eers. May   5,    1908. 
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A  brief  sunnniary  of  the  results  of  these  tests  is  presented  in 
the  following-  table : 

Table  Xo.  i. 

OPERATING  CONDITIONS. 

Comparative  Results — Best  Performance. 

Unit      Unit        Unit 
No.  I     No.  4      No.  8 

1.  Nominal  Rating  of  machine  Kws 5000  5000  8ooo 

2.  Load — Gross   output    Kws 6137  59/0  10156 

3.  Ditto — per  cent  normal  rating i  .25  1 .20  1-25 

4.  Water    rate — observed — K.W.H 23.85  16.56  12.94 

5.  .  Ditto — corrected    for     "contract     condi- 

tions"     23.94     16.72     13.07 

6.  Water    rate — observed — E.H.P.H 17-89     12.42       9.71 

7.  Ditto — corrected     for    "contract    condi- 

tions"      17-96     12.54       9.80 

8.  Initial    Pressure    ...176.6     174.0     176.0 

9.  \^acuum  observed ■ 28. 10     28.0       29. 17 

10.  \'acuum  30"  Barometer    28.52     28.30  29.50 

11.  Superheat — Deg.  F'ahr 139.0     184.0  147.0 

12.  First  stage  pressure.  Lb.  Gage 5.66     34.8  46.7 

13.  Normal  speed.  R.  P.  ']M 500         500  750 

Note  : 

1.  A  considerable  condenser  leakage  necessitated  a  correction 
in  the  steam  flow  of  Turbine  No.  i. 

2.  Results  of  tests  of  No.  4  taken  from  Report  of  Tests  of 
Turbine  No.  4.  J.  C.  Thorpe  to  JMr.  F.  Sargent,  April  24,  1906. 

The  accompanying  curves,  Figure  i,  present  the  relative  steam 
economies  of  these  three  units  in  a  very  interesting  manner.  It  will 
be  seen  that  the  scale  of  the  vertical  ordinate,  representing  water 
rate,  is  continuous,  thus  giving  a  direct  comparison  of  the  units,  all 
values  of  the  steam  economy  having  been  reduced  to  the  basis  indi- 
cated. Another  notable  feature  is  the  flatness  of  the  load  curve  for 
L'nit  No.  8.  It  is  noticeable  in  No.  4.  but  less  markedly  and  the 
tendency  to  give  a  wide  range  of  economy  with  a  considerable 
range  of  load  is  hardly  perceptible  in  the  first  unit.  It  is  difficult  to 
say  what  the  results  would  have  been  in  the  latter  case  had  the  load 
been  increased  to  75%  overload,  as  in  the  case  of  No.  8.  These 
curves  serve  better  than  words  to  illustrate  the  remarkable  develop- 
ment in  the  design  and  operation  of  large  turbine  units  of  this  type 
during  the  past  five  years. 
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Fis'.   3.      riiit    Xo.  4.      Curtis    Steam   Turbine   Unit.      Csipacity  8000   W\\, 
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Fig.  4.      I  nit    No.   S.      <  nrliM    Steam   Tnrhino     I  nit.       (  sipsicity    St>00    K»v. 


Fig-ures  2.  3  and  4  represent  the  three  units  as  thev  appear  in 
the  Fisk  Street  Station. 
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To  Same  Couclitious. 
Fig.    «.      Relative    Steam    Eeonomy    of    Four    Curtis    Turbiue.s;    Xot    Redueed 

To  Sauie  Coudition.s. 

The  curve  BB  in  Figure  5  represents  the  steam  economy  of  the 
600  Kw.  horizontal  Curtis  turbine  mentioned  above,  and  curve  BB, 
the  economy  of  a  500  Kw.  Curtis  turbine,  erected  in  the  station  of 
the  Massachusetts  Electric  Company  at  Newport,  Rhode  Island. 
The  test  was  conducted  by  George  H.  Barrus  and  appears  in  a  bul- 
letin issued  by  the  General  Electric  Company.  The  difference  in 
water  rate  is  probabh-  due  to  the  fact  that  the  500  Kw.  machine  was 
tested  with  a  service  load  which  fluctuated  greatly  during  each  trial ; 
whereas,  the  test  of  the  600  Kw.  machine  was  a  shop  test  when 
more  nearly  absolute  control  was  had  over  all  of  the  conditions  af- 
fecting performance.    It  might  be  assumed  that  the  developmlent  of 
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four  years  should  result  in  increased  economy.  This  is  not  neces- 
sarily true,  particularly  with  the  smaller  units,  since  the  require- 
ments of  the  service  may  necessitate  mechanical  changes  whose  de- 
sirability outweigh  the  relative  importance  of  an  inconsiderable  in- 
crease in  steam  economy. 

Figure  6  presents  the  load  curves  of  four  Curtis  turbines  of 
I, GOO,  2,250,  5,000  and  8,000  Kw-s.  rated  normal  capacity.  In  this 
instance  the  conditions  of  operation  are  not  reduced  to  a  common 
basis,  but  appear  as  actually  observ^ed.  An  inspection  of  the  values 
given  will  indicate  that  no  considerable  change  would  result  if  a  re- 
duction had  been  made  as  in  Figure  i.  The  curve  in  Figure  7  was 
constructed  from  Figure  6,  using  the  steam  economy  for  the  points 
of  normal  loading  and  all  reduced  to  a  common  basis,  namely,  185 
pounds  (gage)  initial  pressure,  28.5  inches  vacuum:,  (30  inches 
Bar.)  and  150°  Fahrenheit  superheat.  This  curve  illustrates  the 
well-known  fact  that  the  ratio  of  the  energy  losses  to  normal  ca- 
pacity decreases  with  the  increasing  size  of  units,  just  as  the  same 
ratio  varies  with  the  load  on  a  given  unit. 

Corrections  on  these  curves  were  based  upon  the  following 
values,  derived  from  actual  tests,  when  all  the  conditions  of  opera- 
tion, except  those  under  trial,  were  maintained  as  nearly  constant 
as  practicable : 

I  inch  vacuum  between  26  inches  and  30  inches  =  5%  effect 
upon  water  rate. 

14°   Fahrenheit  superheat,  =  i^    effect  upon  water  rate. 

10  Pounds  Boiler  Pressure  between  150  and  185  =  ^%  effect 
upon  water  rate. 

Difference  between  185  and  200  pounds  boiler  pressure  =  neg- 
lible. 

In  the  Electrical  \\'orld  of  October  12.  1907,  the  following  cor- 
rections for  departure  from  contract  conditions  during  a  test  of  a 
7500  Kw.  Westinghouse-Parsons  turbine  in  the  plant  of  the  New 
York  Edison  Company,  are  recorded : 

Pressure — 2^/2  pounds  high  ^    corrections,  .25%  in  water  rate. 
\'acuum,  .69  inches  low    =  correction,   1.84%  in  water  rate. 
Superheat,  4.25°  low  =    correction  .29%  in  water  rate. 

It  will  be  noticed  that  the  influence  of  the  variation  in  steam 
pressure  is  apparently  much  greater  with  the  Parsons  type  of  ma- 
chine and  the  influence  of  variations  in  vacua  much  less,  than  in  the 
performance  of  the  Curtis  type.  There  Ls  practically  no  dift'erence 
in  the  allowance  made  for  superheat.  It  appears  upon  careful  con- 
sideration that  the  turbine  which  governs  by  virtual  throttling, 
would  not  be  improved  to  any  considerable  degree  by  increases  in 
pressure.     Furthermore,  the  influence  of  vacua  might  be  expected 
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to  be  much  greater  than  stated,  conckiding  from  experience  with 
other  machines. 

Figure  8  presen^:s  the  relation  of  water  rate  of  various  West- 
inghouse-Parsons  turbine  units,  plotted  upon  the  same  basis  as  the 
curve  in  Figure  7.  The  actual  load  curves  from  which  this  curve  is 
obtained  appear  in  Figure  9.  A  marked  contrast  between  Figure  7 
and  Figure  8  is  immediately  noted ;  a  difference  in  water  rate  of  35^ 
pounds  existing  between  the  1,000  and  the  8,000  Kw.  units  of  the 
Curtis  pattern,  and  but  ^'2  po""d  difference  over  the  same  range  of 
capacities  in  the  Westinghouse-Parsons  machines.  This  may  be  un- 
derstood after  a  consideration  of  the  constructive  features  of  the 
two  patterns  of  turbines.    In  the  \\'estinghou5e-Parsons  pattern,  the 
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larger  units  are  but  magnified  copies,  if  you  please,  of  the  smaller 
sizes,  and  thus  the  energy  losses  bear  the  same  relation  to  the  ca- 
pacity in  any  sized  unit.  On  the  other  hand,  the  smaller  Curtis  tur- 
bine units  are  constructively  quite  different  from  the  larger  ma- 
chaines,  and  the  ratio  of  energy  losses  to  capacity  is  greater  in  the 
smaller  sizes. 

Figure  9,  as  mentioned  above,  presents  the  steam  economy  of 
Westinghouse-Parsons  units  of  various  rated  capacities,  under  the 
actual  operating  conditions.  It  is  significant  that  the  curve  of  water 
rate  of  the  400  K\v.  unit  coincides  with  the  curve  of  the  5500  Kw. 
machine  up  to  their  normal  capacities.  Both  machines  were  operat- 
ing under  similar  initial  and  final  pressures,  but  the  small  unit  was 
supplied  with  steam  superheated  100°,  whereas  the  initial  steam  for 
the  larsfe  machine  was  saturated. 
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It  is  exceedingly  important,  as  suggested  above,  that  accurate 
means  be  secured  for  reducing  the  performance  to  a  commion  basis 
for  purposes  of  comparison,  whether  various  types  and  sizes  of 
units  are  involved,  or  the  agreement  of  actual  performance  with 
guarantees  in  contracts  is  in  c|uestion.  For  these  purposes  "per- 
formance curves"'  should  always  be  determined  which  will  present 
the  variation  in  economy  due  tO'  changing  conditions  of  vacua,  super- 
heat, pressure,  etc.  Typical  "Performance  Curves"  are  shown  in 
Figure  10.  Most  significant  of  these  curves  and  most  worthy  of 
special  mention  is  the  Initial  Pressure  curve,  which  demonstrates 
the  futility,  from  the  standpoint  of  economy,  of  increasing  the  in- 
itial pressure  much  above  140  pounds  gage.  Up  to  this  point  the 
inclination  of  the  curve  is  quite  marked,  and  the  advantage  of  in- 
creasing pressures  as  a  means  of  reducing  water  rates  very  ap- 
parent. Beyond  this  point,  the  curve  tends  to  becomle  more  nearl\- 
parallel  to  the  pressure  coordinate,  indicating  an  advantage  and 
that  a  somewhat  questionable  one,  onlv  in  gaining  capacity.  This 
deduction  is  in  accord  with  numerous  investig^ations  recently  con- 
<lucted,  which  have  resulted  in  a  diminishing  of  enthusiasm  for  high 
initial  steam  pressures.  Some  time  ago.  Professor  W.  F.  M.  Goss, 
Dean  of  the  College  of  Engineering  at  the  University  of  Illinois,  at 
the  time  occupying  a  similar  position  at  Purdue  University,  present- 
ed a  paper,  which  has  been  widely  distributed,  based  upon  investiga- 
tions of  the  influence  of  increasing  bjiler  pressures  upon  the  per- 
formance of  steam  locomotives.  The  results  presented  were  in  di- 
rect accord  with  the  preceeding  discussion.  It  will  be  of  interest  to 
mention  that  the  government  engineers  in  charge  of  the  steaming 
tests  have  also  advanced  the  proposition  that  lower  steam  pressures 
and  high  degrees  of  superheat  will  be  found  desirable  and  econom- 
ical in  the  operation  of  steam  prinile  movers.  Curves  of  the  same 
form  as  the  one  under  discussion  were  secured  in  the  Mechanical 
Engineering  Laboratory  at  the  University  of  Illinois  from  tests  of  a 
small  turbine  unit,  of  the  velocity  or  impulse  type. 

For  some  reasons  it  would  be  desirable  to  present  performance 
and  load  curves  for  many  other  turbines  that  are  now  playing  an 
important  part  in  the  design  and  operation  of  power  plants  Num- 
erous comparisons,  however,  have  indicated  that  the  curves  here  pre- 
sented for  the  Curtis  and  Westinghouse-Parsons  machines,  repre- 
senting, as  they  do,  the  two  chief  types  of  turbines,  are  characteris- 
tic both  in  form  and  in  the  absolute  values  given,  of  all  steam  tur- 
bines of  their  respective  types. 

Before  passing  from  the  consideration  of  steam  economy,  it 
will  be  well  to  consider  examples  of  the  nuni'erous  smaller  machines 
that  are  attracting  attention.  Among  the  turbinees  of  this  class  that 
have  appeared  quite  recently  are.  the  Kerr,  the  product  of  the  Kerr 
Steam  Turbine  Company  of  Wellsville,  New  York ;  the  Sturtevant, 
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recently  perfected  and  now  being  vigorously  supported  by  the 
B.  F.  Sturtcvant  Company,  and  the  Terry,  built  by  the  Terry  Steam 
Turbine  Company  of  Hartford,  Connecticut.  These  small  machines 
are  all  of  the  multi-stage  impulse  type,  the  Kerr  applying  the  prin- 
ciple of  the  Pelton  wheel  and  all  of  the  others  mentioned  being 
modifications  of  the  Riedler-Stumpf  patterns  heretofore  discussed. 

These  small  machines  are  designed  for  relatively  small  capaci- 
ties of  from  15  to  200  brake  horse  power,  and  usually  for  somiC 
special  application  such  as  driving  D.C.  electric  generators,  blowers, 
centrifugal  pumps,  etc.,  or  where  close  regulation  is  desirable  at 
comparatively  high  speeds.  In  general,  they  are  designed  to  operate 
non-condensing,  with  saturated  steam,  and  under  such  conditions 
give  practically  the  same  steam  economy  as  a  well  designed  high 
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speed  reciprocating  engine  of  similar  capacity.  The  accompanying 
curves,  Figure  ii.  show  the  close  agreement  of  the  steam  economy 
of  a  high  speed  simple  reciprocating  engine,  Curve  AB,  and  a  six 
stage  Kerr  Turbine,  Curve  CD,  each  rated  at  60  brake  horse  power 
and  operating  with  an  initial  steam  pressure  of  150  pounds  gage, 
150°  Fahrenheit  superheat,  and  exhausting  to  the  atmosphere. 
Curve  EF  represents  the  steam  economy  of  the  same  turbine,  using 
saturated  steami. 

It  will  be  observed  that  the  superiority  of  the  turbine  is  quite 
apparent  at  low  loads,  due,  no  doubt,  to  the  reduction  of  the  wind- 
age loss  occasioned  by  the  decrease  in  density  of  the  steam  at  lower 
stage  pressures,  a  fact  that  is  characteristic  of  large  as  well  as  small 
units.  In  this  connection  it  will  be  interesting  to  note  the  graphical 
representation  in  Figure  12,  of  the  relation  between  Volume,  Tem- 
perature and  Pressures  below  atmosphere.  The  rapid  increase  in 
specific  volume  from  4  inches  to  ^  inch  mercury,  absolute  pressure, 
is  closely  related  to  the  increase  in  turbine  economy,  noted  in 
Figure  8. 

Low  Pressure  Turbines. 

A  number  of  plants  have  been  installed  more  or  Jess  recentlv 
that  have  employed  low  pressure  turbines  as  prime  movers,  which 
are  operating  on  the  exhaust  steam  from  reciprocating  engines  in 
the  same  station.  By  this  means  great  economy  is  effected  in  the 
use  of  the  steam,  and  a  saving  of  practically  65%  may  be  effected  by 
the  use  of  a  high-vacua  condensing  equipment.  Practicallv  all  of 
the  builders  of  turbines  of  large  capacity  have  developed  low  pres- 
sure turbines  and  these  are  playing  a  prominent  part  in  the  design 
of  power  plant  extensions.  Mr.  Lionce  Battu  very  ably  discussed 
the  principles  involved,  in  his  paper  before  this  society  in  Septem- 
ber, 1904.  One  of  the  prominent  installations  of  low  pressure  tur- 
bines is  in  the  power  station  of  the  Philadelphia  Rapid  Transit  Com- 
pany. This  machine  is  an  800  Kw.  Curtis  turbine  unit  operating  on 
the  exhaust  from  Corliss  engines  and  utilizing  a  vacuum  of  28 
inches.  The  guarantee  provides  that  the  steam  consumption  per 
kilowatt  hour  shall  not  exceed  36  pounds  at  full  load,  and  40  pounds 
at  half  load.  Tests  that  have  been  made  indicate  a  water  rate  well 
within  the  guarantee.^  Tests  made  in  the  shops  of  the  Westing- 
house  Company  upon  a  1250  Kw.  low  pressure  unit  have. resulted  in 
a  water  rate  of  30  pounds  per  brake  horse  power  hour,  this  being 
the  equivalent  of  approximately  38  pounds  per  kilowatt  hour." 

1 — French's    Steam    Turbines. 

2 — J.    R.    Ribbins,    Electric   Journal. 
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Heat  Efficiencies. 

The  Williams  Robinson  Company  of  England,  the  builders  of 
a  popular  and  efficient  type  of  reciprocating  engine,  have  been  ex- 
perimenting for  some  years  upon  improvements  in  the  Parsons  type 
of  turbine.  Results  have  been  secured  that  are  very  satisfactory  to 
the  builders,  and  they  are  now  doing  a  large  turbine  business.  A 
contract  recently  entered  into  by  this  company  for  the  construction 
and  erection  of  a  3,000  Kw.  unit  contained  a  performance  guarantee 
clause  stipulating  a  water  rate  of  12.9  pounds  per  kilowatt  hour. 
No  data  was  presented  with  reference  to  the  conditions  of  operation, 
but  by  reference  to  the  curves  of  Figure  6,  it  will  be  seen  that  this 
is  equal  to  the  best  performance  of  the  8,000  Kw.  Curtis  turbine. 

Now,  just  what  does  it  mean  for  a  turbine  to  develop  a  kilo- 
watt at  the  switchboard  on  a  steam  consumption  of  12.9  pounds  per 
hour?  This  is  the  equivalent  of  9.54  pounds  per  E.H.P.  or  with  a 
generator  efficiency  of  96%  it  is  the  equivalent  of  9.17  pounds  per 
brake  horse  power  hour ;  further,  assuming  a  mechanical  efficiency 
of  94*;,^  for  the  prime  mover,  it  is  the  equivalent  of  8.62  pounds  per 
indicated  horse  power  hour,  certainly  a  commendable  performance. 
According  to  the  British  Standard  as  recomlmended  in  the  report  of 
the  committee  of  the  American  Society  of  Alechanical  Engineers  on 
Standard  Code  for  Steam  Engine  Tests,  this  performance  gives  a 
thermal  efficiency  of  21.4%,  closely  approaching  the  best  perform- 
ance of  internal  combustion  engines.  The  "potential  efficiency"'  of 
heat  engines  presents  a  much  more  satisfactory  basis  of  comparison 
than  "thermal  efficiency"  just  discussed.  This  effieciency  is  defined 
as  the  ratio  of  the  ideal  to  the  actual  heat  change  per  unit  of  power. 
Assuming  an  absolute  pressure  of  190  pounds,  i5o°F.  superheat 
and  a  vacuum  referred  to  30"  barometer  of  29",  the  above  water  rate 
is  the  equivalent  of  a  potential  efficiency  of  67.7%  based  upon  energy 
delivered  to  the  switch  board  and  75%  based  upon  indicated  horse 
power  deduced  as  explained  above.  In  comparison  it  is  interesting 
to  note  that  the  official  trial  of  a  1000  I.H.P.  double  acting,  twin 
compound  Schmidt  engine,  operating  on  155  pounds  initial  steam 
pressure.  25.4"  vacuum  and  330° F.  superheat  gave  a  potential  effi- 
ciency of  83.3%.    This  represents  the  best  modern  practice. 

Thus  it  will  l)e  seen  that  we  are  fast  approaching  the  limit  of 
economy  in  the  prime  mover  itself,  and  future  developments  must 
be  looked  for  in  the  steam  generator.  Greater  economy  must  be  se- 
cured in  the  performance  of  the  boilers.  It  is  significant  that  prac- 
tically the  same  rated  boiler  capacity  was  installed  for  the  first  5,000 
Kw.  Unit  in  the  Fisk  Street  Station  of  the  Commonwealth-Edison 
Company  of  Chicago,  as  seven  years  later,  was  installed  to  operate 
the  9.000  Kw.  Units.  This  points  to  developmients  in  boiler  practice 
as  well  as  to  remarkable  advances  in  the  large  turbo  units. 
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Boiler  Economy. 

In  most  plants,  the  steam  driven  auxiliaries  do  not  furnish 
enough  exhaust  steam  to  heat  the  feed  water  above  120°  Farhenheit. 
The  possibility  of  increasing  economy  by  using  hot  feed  water  has 
been  taken  advantage  of  in  some  cases  by  the  installation  of  econo- 
mizers, though  their  ultimate  practicability  still  remains  a  much  dis- 
cussed question.  Other  engineers  have  taken  steam  from  the  second 
or  third  stage  of  the  turbines  to  increase  the  feed  temperature,  and 
this  without  suffering  a  deleterious  effect  in  economy. 

In  a  recent  article  before  the  American  Institute  of  Electrical 
Engineers,  Mr.  J.  T.  Findlay  presented  a  very  interesting  discus- 
sion of  experiments  with  double  stoker  boilers  in  the  power  plant  of 
the  Interboro'  Rapid  Transit  Company  of  New  York  City,  made  un- 
der the  general  supervision  of  Mr.  H.  G.  Stott,  superintendent  of 
motive  power  of  the  Interborough  Company.  These  boilers  were 
500  horse  power  units  set  with  two  Roney  stokers,  one  as  in  the 
standard  setting  and  the  other  at  the  rear  at  a  somewhat  lower  level. 
The  horizontal  baffling  was  so  arranged  that  the  gases  from  both 
stokers  intermixed  and  traversed  the  same  passes  over  the  heating 
surface.  This  increase  in  volume  of  gases,  with  the  resultant  higher 
velocity,  effected  an  increase  in  capacity  of  80  p^r  cent  with  no 
appreciable  dift'erence  in  overall  efficiency. 

This  suggests  what  is  very  much  discussed,  namely,  the  possi- 
bility of  securing  a  greater  amount  of  work  from  our  boilers.  It 
leads  to  the  prediction  that  we  are  rapidly  approaching  the  point 
when  we  will  be  able  to  rate  water  tube  boilers  on  a  basis  of  five 
square  feet  of  heating  surface  instead  of  ten,  as  now  used.  Experi- 
ments such  as  are  now  being  made,  of  which  the  one  cited  is  a  good 
example,  foreshadow  the  design  and  operation  of  larger  boiler  units ; 
the  reconsideration  of  generally  accepted  theories  regarding  heat 
transmission  through  boiler  heating  surface,  and  the  re-design  of 
boiler  settings  that  have  been,  standard  for  years.  There  must  be  a 
constant  striving  for  better  evaporative  performance ;  for  a  decrease 
in  the  radiation  and  unaccounted  for  losses  in  boiler  practice  if  this 
factor  in  power  plant  development  is  to  keep  pace  with  the  modern 
prime  movers. 
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The  faulty  acoustics  of  many  of  our  buildings  is  called  to  the 
attention  of  the  public  at  frequent  intervals  either  by  an  account 
in  the  papers  of  the  poor  acoustics  of  some  new  structure,  or  else  by 
attendance  in  an  auditorium  where  difficulty  is  experienced  in 
hearing  easily.  The  question  usually  asked  concerning  such  a  case 
is  as  follows :  "Cannot  architects  construct  buildings  so  as  to  avoid 
these  difficulties?"  The  purpose  of  this  article  is  to  give  an  account 
of  the  work  that  has  been  done  in  attacking  the  problem. 

The  most  decided  advance  in  the  subject  has  been  made  by 
Professor  W.  C.  Sabine  of  Harvard  University  who  published  an 
account  of  his  researches  in  the  American  Architect  in  1900,  and 
later  a  paper  on  the  same  subject  in  the  Proceedings  of  the  Ameri- 
can Academy  of  Arts  and  Sciences  in  1906.  His  work  was  on  a 
practical  basis  from  the  start  for  the  reason  that  he  was  called  upon 
to  propose  a  remedy  for  the  acoustical  difficulties  presented  in  an 
auditorium  just  then  completed  at  Harvard  University. 

In  his  analysis  of  the  problem  he  states  that  three  conditions 
are  necessary  for  good  hearing  in  any  auditorium :  the  sound  should 
be  sufficiently  loud;  it  should  be  free  from  resonance  and  interfer- 
ence, and  spoken  words  should  be  clear  and  distinct. 

These  conditions  are  perhaps  best  understood  by  considering  the 
case  where  a  speaker  addresses  an  audience.  Sounds  uttered  by 
the  speaker  proceed  in  ever  widening  spheres  until  they  strike  the 
walls  of  the  room  and  are  reflected  back  and  forth,  a  little  energy 
being  absorbed  at  each  reflection,  until  they  finally  die  out.  When 
it  is  considered  that  sound  travels  about  eleven  hundred  feet  a  sec- 
ond, it  is  seen  that  a  lecture  room  of  ordinary  size  is  almost  im- 
mediately filled  with  sound  because  of  the  many  rapid  reflections 
in  all  directions.  The  first  condition  of  loudness  is  thus  obtained. 
The  walls  and  ceiling  reflect  to  the  audience  the  sounds  that  would 
be  lost  if  the  speaker  were  in  the  open  air. 

While  the  reflection  of  sound  has  the  advantage  of  fulfilling 
the  condition  for  loudness,  it  introduces  at  the  same  time  certain 
disadvantages.  Thus  a  reflected  wave  of  sound  in  meeting  an  ad- 
vancing wave  may  produce  interference;  that  is,  a  reenforcement 
of  the  sound  at  some  points  and  a  comparative  silence  at  others.  It 
is  a  common  experience  in  audience  halls  for  an  auditor  to  secure 
better  hearing  by  moving  his  head  to  one   side  or  the  other;   he 
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simply  moves  his  ear  from  a  position  of  reenforcement  or  silence 
to  a  position  free  from  interference. 

Another  disadvantage  introduced  by  the  reflection  of  sound 
is  the  possibility  that  the  words  of  the  speaker  may  be  made  in- 
distinct. If  the  auditor  is  near  the  speaker,  the  sound  comes  to  him 
first  directly,  then  by  reflection  an  instant  later.  If  a  time  interval 
of  more  than  one-tenth  of  a  second  elapses  between  the  direct  and 
reflected  sounds,  he  hears  an  echo,  and  consequently  has  trouble  in 
following  the  words  of  the  speaker. 

The  reflection  of  sound  may  also  cause  a  reverberation.  As 
a  sound  wave  is  reflected  from  wall  to  wall,  a  small  amount  of 
energy  is  lost  at  each  reflection  and  the  sound  finally  dies  out.  if 
the  walls  are  good  reflectors,  the  sound  may  persist  several  seconds. 
In  the  meantime,  the  speaker  has  uttered  other  sounds  and  these 
mix  with  the  preceding  ones  thus  causing  a  confusion  that  is  called 
a  reverberation. 

The  phenomena  of  resonance  may  be  explained  by  considering 
first  a  mechanical  example :  a  heavy  iron  ball  suspended  by  a  wire 
may  be  made  to  acquire  a  large  swing  by  exerting  a  series  of  gentle 
pushes  at  the  proper  instants.  So  the  sound  waves,  each  one  with 
small  energy,  act  on  a  wall  of  the  building  at  such  intervals  as  to 
cause  it  to  acquire  considerable  vibration  and  thus  reenforce  the 
sound.  An  oak  door  one  and  one-half  inches  thick  was  found  by 
the  author  to  vibrate  preceptibly  when  acted  upon  by  a  suitable 
sound.  In  an  auditorium  this  resonance  is  a  defect  if  the  sound 
is  reenforced  too  much. 

The  conditions  that  fix  the  acoustics  of  a  hall  are  thus  set  down. 
The  next  step  in  the  solution  of  the  problem  is  to  consider  the 
changes  that  are  possible  in  a  room  that  has  bad  acoustical  prop- 
erties. Professor  Sabine  assumed  that  only  two  variables  exist 
in  a  room — shape  including  size,  and  materials  including  furnishings. 
As  it  is  obviously  impracticable  to  change  the  shape  or  size  of  a 
room  without  doing  violence  to  the  design  of  the  architect,  the  only 
remaining  means  of  cure  is  to  change  the  materials  or  furnishings. 

This  latter  change  was  the  means  used  by  Professor  Sabine  in 
perfecting  a  method  of  cure.  In  an  interesting  set  of  experiments 
lasting  over  a  period  of  four  years,  he  finally  evolved  a  law  ex- 
pressed as  follows : 

t  =  0.164  V  -^  a, 

where  t  is  the  time  in  seconds  a  sound  will  persist  in  a  room  after 
the  source  of  sound  is  stopped,  V  is  the  volume  of  the  room  in 
in  cubic  meters,  and  a  is  the  absorbing  power  of  the  room — the  unit 
of  absorbing  power  being  taken  as  one  square  meter  of  open  window 
space. 

An  inspection  of  the  relation  shows  that  for  good  acoustical 
conditions, — i.  e.,  for  a  short  time  of  duration  of  the  sound,  the 
volume  of  the  room  should  be  small  and  the  absorbing  power  large. 
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This  confirms  experience  when  it  is  considered  that  good  acoustics 
are  found  in  a  small  room  with  plenty  of  rugs,  cushions  and  other 
absorbing  material.  If  the  volume  of  an  auditorium  is  large,  the 
only  cure  lies  in  increasing  the  absorbing  power. 

Professor  Sabine's  method  of  taking  measurements  was  to 
blow  an  organ  pipe  of  five  hundred  twelve  vibrations  a  second  in  a 
room  and  record  by  a  chronograph  the  time  of  duration  of  the  sound 
after  the  organ  pipe  stopped.  The  absorbing  power  of  the  room 
was  then  increased  by  bringing  in  more  absorbing  material  and  the 
time  of  duration  again  measured.  The  efifect  of  dififerent  materials 
was  tested  in  this  way.  An  open  window  w^as  considered  to  be  a 
perfect  absorber  of  sound  because  no  sound  that  passes  out  ever 
comes  back.  The  absorbing  powders  of  different  materials  were 
determined  in  terms  of  open  window  space.  Thus  the  absorbing 
powers  of  one  square  meter  of  wood  sheathing  and  one  square 
meter  of  open  window  space  are  as  .061  to  i.ooo. 

Mate;rial.  CoEFFicmNT. 

^^'^ood  sheathing,   (hard  pine) 0.061 

Plaster  on  wood  lath 034 

Plaster  on  wire  lath 033 

Plaster  on  tile 025 

Glass    027 

Brick  set  in  Portland  cement 025 

Audience 96 

Oil  paintings,    (inclusive  of   frames) 28 

House  plants,  per  cubic  meter 11 

Carpet  rugs    20 

Oriental  rugs,  extra  heavy 29 

Cheese  cloth 019 

Cretonne  cloth 15 

Shclia  curtains 23 

Flair  felt,  2.5  cm.  thick,  8  cm.  from  wall 78 

Cork  2.5  cm.  thick  loose  on  floor 16 

Linoleum,   loose   on   floor 12 

Material.  Absorbing  Power. 


Audience,    per    person o 

Isolated  man    

Isolated  woman   

Plain  ash   settees,   each 

Plain  ash  settees,  per  seat 

JMain  ash  chairs,  "bent  wood" 

Upholstered  settees,  hair  and  leather,  each i 

Upholstered  settees,  per  single  seat 

Upholstered  chairs,  similar  in  style,  each 

Hair  cushions,  per  seat 

Elastic  felt  cushions,  per  seat 


44 
54 
48 

039 

0077 
0082 
10 
28 

30 
21 
20 
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With  this  table  of  absorbing  powers  at  hanrl  an  architect  can 
predict  how  long  the  sound  will  endure  in  a  certain  proposed  build- 
ing.    It  is  only  necessary  to  use  the  relation 

t  =:  0.164  V  -^  a, 

and  insert  the  value  of  the  volume  of  the  building  for  F  and  the  sum 
of  the  absorbing  powers  of  the  walls,  wood  work,  audience,  etc., 
and  the  time  of  duration  of  the  sound  can  be  predicted  before  a 
brick  of  the  building  is  laid. 

It  should  be  pointed  out,  however,  that  the  method  described 
in  the  preceding  paragraph  is  true  only  for  a  sound  whose  pitch 
is  five  hundred  twelve  vibrations  a  second.  It  would  not  be  exactly 
true  for  sounds  of  different  pitch ;  the  error,  however,  would  not  be 
of  special  importance  as  will  be  shown  presently. 

Professor  Sabine,  in  a  later  investigation,  showed  that  the  du- 
ration of  a  sound  depended  on  the  pitch  of  a  sound,  and  depended 
also  on  the  amount  of  absorbing  material  present.  As  a  concrete 
example,  the  high  notes  of  a  violin  will  be  less  reverberant  with  a 
full  audience,  than  the  lower  notes  of  the  bass  viol,  though  they 
might  have  the  same  reverberation  in  the  empty  room.  Again  the 
voice  of  a  man  with  notes  of  low  pitch  might  give  entirely  satisfac- 
tory results  in  an  auditorium,  while  the  voice  of  a  woman  with 
higher  pitched  notes  would  be  unsatisfactory. 

These  considerations  show  that  no  hard  and  fast  conditions  can 
be  attained  for  any  special  auditorium.  The  audience  may  be  large 
or  small,  and  the  speaker's  voice  high  or  low.  The  best  soultion  is 
a  compromise  where  the  average  conditions  are  satisfied.  Hence 
the  solution  as  offered  by  Professor  Sabine  is  an  average  solution, 
and  will  doubtless  be  satisfactory  in  any  ordinary  lecture  hall. 

The  problem  of  architectural  acoustics  has  been  attacked  by 
other  w^orkers  than  Professor  Sabine.  Professor  G.  W.  Stewart^ 
proposed  a  cure  for  the  poor  acoustical  properties  of  Sibley  Audi- 
torium at  Cornell  University.  His  experiments  confirmed  the  work 
of  Sabine. 

Marage-,  after  investigating  six  halls  in  Paris,  confirmed  the 
method  given  by  Sabine. 

Exner^  investigated  the  acoustical  properties  of  an  audience 
hall,  and  gave  details,  analagous  to  those  already  expressed  in  this 
paper,  for  the  conditions  for  good  acoustics. 

Jacques*  investigated  the  effects  of  air  currents  on  acoustical 
properties  of  buildings.  He  states  that  acoustics  were  good  when 
a  gentle,  steady  current  of  air  passed  through  the  room,  and  adds 


1  Sibley    Journal    of    Eng-ineering.  May,    1903. 

2  Compt.   Rendus   Vol.    142,   page    878,    1906. 

3  Zeitsch-des    oe.sterreich    Ingenieur  und  Architecten  Verein.    '05. 

4  Phil.    Mag:.    (5)    Vol.    7,   page    111.   1879. 
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that  acoustics  were  unsatisfactory  when  the  current  was  haphazard. 

Jos.  Henry'  wrote  an  excellent  article  on  "Acoustics  Applied  to 
Public  Buildings" — his  experiments  and  observations  were  made 
preparatory  to  designing  an  audience  hall  for  the  Smithonian  Insti- 
tution. 

The  author  is  also  engaged  on  the  problem  by  investigating  the 
properties  of  the  Auditorium  at  the  University  of  Illinois,  which 
offers  an  opportunity  to  investigate  both  echoes  and  reverberations. 
This  investigation  is  not  yet  completed. 

In  conclusion  it  should  be  pointed  out  that  the  action  of  sound 
in  a  closed  hall  is  dependent  on  many  factors,  and  that  the  com- 
plete analysis  of  the  problem  has  not  yet  been  made.  There  re- 
mains to  be  investigated  the  influence  of  temperature,  air  currents, 
the  form  of  the  walls  of  a  room,  the  material  of  the  walls  especially 
as  regards  porosity.  The  development  of  the  subject  is  important 
not  only  because  of  the  advance  from  the  standpoint  of  pure  science, 
but  also  from  the  practical  side  in  suggesting  proper  materials  and 
construction  so  as  to  avoid  acoustical  horrors  as  they  exist  at  pres- 
ent. 


5   Smithsonian    Report,    1856,    page   221. 
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WHAT  THE  ELECTRICAL  ENGINEER  SHOULD  LEARN 

IN  COLLEGE.* 


Louis  A.   Ferguson. 
Commonwealth  Edison  Company,  Chicago. 


]\Ir.  Chairman  and  Gentlemen : 

Professor  Brooks  has  invited  me  to  address  you  this  afternoon 
and  has  asked  me  to  give  you  my  ideas  of  the  training  and  qualities 
necessary  to  develop  the  successful  electrical  engineer.  He  has  told 
me  that  I  am  not  expected  to  make  a  formal  address  but  rather  to 
talk  to  you  in  a  more  conversational  manner  from  the  standpoint  of 
one  who  was  once,  like  yourselves,  an  engineering  student  and  who 
has  since  graduation  had  some  experience  in  the  outside  world  into 
which  you  will  soon  enter. 

The  young  man  starting  out  in  business  mentally  equipped  as 
those  should  be  who  are  graduated  from  the  University  of  Illinois 
is  at  once  at  a  distinct  advantage  over  those  less  fortunate  young 
men  who  have  not  had  the  benefit  of  such  an  education.  I  do-  not 
mean  by  this  that  the  one  who  has  tried  to  jam  into  his  technical 
course  the  maximum  amount  of  so-called  knowledge  consisting  of 
the  memorizing  of  data  is  necessarily  better  equipped  to  compete 
with  his  fellow  men  in  after  life.  The  mere  memorizing  of  details 
and  data  is  oftentimes  accomplished  at  a  sacrifice  of  a  thorough  un- 
derstanding of  fundamental  principles,  with  the  result  that  after  the 
}oung  man  is  out  in  business  a  short  time  he  has  forgotten  much 
of  the  matter  he  is  supposed  to  have  acquired,  and  then  roundly 
blames  the  teachers  for  forcing  upon  him — as  he  thinks — things 
which  to  him  appear  of  nO'  use  to  him  in  the  world  of  practice. 

The  great  value  oi  an  engineering  education  to  a  }oung  man 
about  to  start  in  his  life's  work  lies  not  so  much  in  the  actual  amount 
of  knowledge  which  he  may  bring  with  him,  but  in  the  training 
which  he  has  received.  The  accumulation  of  a  mass  of  data  only 
to  be  soon  forgotten  because  the  opportunity  for  its  use  may  not 
present  itself,  is  not  the  imlportant  thing,  but  the  reasoning  power 
which  comes  from  a  thorough  knowledge  of  fundamentals  and  un- 
derlying principles  which  he  has  acquired  in  his  college  work,  if  his 
instruction  has  been  intelligently  given  and  his  studies  properly 
sruided.  will  serve  him  in  sfood  stead  in  after  life  and  enable  him  to 


* — An  address  delivered  on  the  occasion  of  the  visit  of  Mr.  Ffrguson. 
as  President  of  tlie  American  Institute  of  Electrical  Engineers,  before  a 
joint  meeting-  of  the  Urbana  section  of  the  A.  I.  E.  E.  and  the  Electrical 
Engineering    Society    of    tlie    University. 
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gTasi>  intclligeiitly  the  matters  daily  l)cft)R'  liim  and  to  co])c  success- 
fully with  the  many  \-aried  prohlenis  which  are  presented  to  the  en- 
gineer v.r  husiness  man  for  solution. 

Technical  training  of  this  character,  given  in  our  engineering 
schools  develops  the  analytical  mind,  increases  the  reasoning  power, 
promotes  accurate  judgment  and  teaches  the  man  to  differentiate 
between  right  and  wrong.  The  man  so  trained  does  not  do  things 
b}-  rule  of  thumb;  he  decides  because  he  knows  and  acts  upon  his 
own  knowledge,  and  does  not  follow  blindly  the  lead  given  by  others 
who  may  perhaps  be  mistaken  in  their  conclusions.  A  UTan  so 
trained,  if  he  should  later  occupy  a  position  on  the  commercial  or 
financial  side  of  the  business  in  which  he  is  engaged,  is  not  dependent 
on  others  in  his  negotiations  with  clever  men  of  business  ;  his  train- 
ing has  taught  him  to  think  straight  and  quickly. 

The  very  knowledge  that  he  is  perfectly  able  to  discuss  intelligent- 
ly the  problem  at  hand  in  all  its  phases  will  give  him  a  distinct  ad- 
navtage  over  the  untrained  man  and  will  inspire  in  himself  confidence 
in  his  own  undertaking  and  furnish  the  necessar}'  courage  to  present 
his  case  with  force  and  positiveness. 

This  courage  shown  by  the  trained  man  becomes  persuasion, 
carrying  with  it  conviction,  and  enables  him  to  bring  his  work  to  a 
successful   accomplishment. 

Do  not  let  me  convey  the  impression  gentlemen,  however,  that 
the  young  nlan  fresh  from  a  technical  college  knows  it  all  and  is 
vastl\-  superior  to  his  fellow  man.  This  condition  unfortunately  pre- 
vails already  to  too  great  an  extent  among  the  young  graduates,  and 
I  would  shrink  most  decidedly  from  encouraging  it  even  in  the 
slightest  degree  as  it  is  a  feeling  to  be  most  heartily  discouraged. 
Modesty  is  indeed  a  virtue  in  the  college  graduate,  but  diffidence  if 
it  exist  must  not  be  confused  with  modesty  and  must  be  conquered. 

We  have  heard  the  argument  advanced  in  isolated  cases,  and 
sometimes  by  men  who  have  themselves  been  extremely  successful 
in  business  of  a  more  or  less  technical  nature,  that  technical  edu- 
cation is  not  a  good  thing  for  a  man  and  does  not  produce  the  best 
results,  that  it  is  narrowing  in  its  tendency  and  that  technical  men 
do  not  rise  to  the  head  of  large  institutions.  These  statements  are 
not  borne  out  by  the  facts.  A\'hile  the  financial  heads  of  the  various 
industrial  institutions  may  not  be  technically  trained  men  in  the 
ordinary  acceptation  of  the  term,  yet  the  administrative  and  execu- 
tive heads  of  the  organization  who  are  engaged  in  the  daily  man- 
agement of  the  business  and  responsible  for  the  economical  man- 
ufacture and  profitable  sale  of  the  products  of  our  great  industrial 
corporations  are  being  drawn  more  and  more  from  among  the  tech- 
nically trained  men.  Those  who  argue  against  the  technical  man  in 
business  must  remember  that  the  great  industrial  development  of 
this   countrx"   has  come   within   the  last  twentv-five   N'ears  and  that 
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in  the  early  days  of  this  development  there  were  few  technical  men 
aside  from  civil  engineers  and  architects. 

Fifteen  or  twenty  years  ago  the  principal  men  on  the  selling 
side  of  industries  even  of  a  technical  nature  were  those  whose 
principal  qualification  was  in  being  a  "good  fellow,"  but  those  days 
have  passed  and  it  is  now  the  man  who  has  the  goods  and  can 
demonstrate  their  value  through  his  knowledge  of  the  business 
that  makes  the  sale.  The  purchaser  is  betten.fitted  today  than  he 
was  twenty  years  ago,  has  more  general  knowledge  on  all  subjects 
of  a  technical  character,  even  to  having  expert  technical  assistance 
at  his  call,  and  therefore  I  venture  to  say  that  the  next  twenty- 
five  years  will  find  the  technically  trained  man  the  actual  head  of 
most  industrial  undertakings. 

There  is  a  tendency  among  some  technically  trained  men,  espe- 
cially the  younger  set,  who  have  been  out  of  college  but  a  short 
time  and  whose  minds  have  not  sufficiently  matured  through  wide 
contact  with  the  world,  to  feel  that  they  should  not  devote  any  of 
their  time  and  thought  and  energy-  to  the  commercial  side  of  the 
business  in  which  they  are  engaged  as  engineers ;  that  it  is  unpro- 
fessional so  to  do  and  beneath  their  dignity.  That  this  is  a  mis- 
taken idea  many  of  them  realize  in  later  years,  when  their  success 
in  life  has  not  been  as  marked  as  some  of  their  fellow  men.  They 
do  not  appreciate  in  time  that  all  technically  trained  men  cannot 
be  great  scientists  and  that  there  is  a  splendid  field  awaiting  the 
-use  of  their  training  if  properly  applied  in  the  great  market  of 
commercial  life. 

This  great  United  States  of  ours  is  not  a  country  where  caste 
prevails,  where  to  be  respected  one  must  be  either  a  soldier  or  a 
professional  man.  Ours  is.  at  the  present  at  least,  essentially  a 
commercial  country  and  its  prosperity  and  prestige  will  continue  in 
the  future  to  be  developed  and  maintained  by  the  commercial  engin- 
eer working  in  the  industrial  field. 

Why  are  the  lawyers  who  have  achieved  marked  success  in 
their  profession  sometimes  chosen  to  conduct  the  affairs  of  large 
undertakings?  They  are  technical  men.  They  are  business  engin- 
eers; they  have  been  trained  in  the  theory  of  what  is  right  and 
wrong  in  business.  Few  lawyers  of  active  temperaments  would 
consider  it  beneath  their  dignity  to  give  up  a  lucrative  practice  for 
the  presidency  of  a  large  corporation  or  a  great  business.  The  same 
limitations  that  would  apply  to  the  engineer  as  to  his  capability  for 
the  conduct  of  a  large  business  apply  similarly  to  the  lawyer.  He  must 
be  broadly  educated  either  originally  in  his  college  life  or  in  after 
years  by  contact  with  men  of  broad  ideas  and  experience. 

There  is  probably  no  branch  of  engineering  today  in  which  the 
man  requires  so  wide  and  varied  a  knowledge  as  in  electrical  engin- 
eering. The  electrical  engineer  to  be  successful,  as  the  world  rec- 
ognizes success,  can  not  confine  himself  to  the  design  of  electrical 
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apparatus  and  the  calculations  of  the  sizes  of  conducting  wires  and 
other  things  purely  electrical.  He  must  have  a  broader  knowledge 
of  engineering  and  of  affairs. 

The  graduate  electrical  engineer  for  some  reason  is  considered 
by  some  empk~»yers  to  be  devoid  of  ability  to  discuss  anything  but 
things  electrical  and  his  opinion  on  other  matters  is  discounted  and 
his  advice  ignored,  oftentimes  very  unfairly  to  him.  This  is  un- 
fortunate and  should  be  corrected  as  may  be  done  if  the  man  while 
a  student  as  well  as  in  after  life  realizes  that  a  broad  general  edu- 
cation obtained  not  only  from  study  but  from  observation  as  well 
is  absolutely  necessary  to  accomplish  more  than  moderate  success. 
The  development  of  our  industries  is  so  rapid  and  so  widening  in 
its  scope  that  subjects  which  were  cast  aside  during  his  college 
years  as  not  belonging  to  the  profession  of  electrical  engineering 
may  be  presented  to  the  electrical  engineer  for  solution,  resulting  in 
failure  to  him  and  necessitating  his  giving  way  to  others  more  broadly 
trained  and  preventing  his  rising  with  the  development  of  the  indus- 
try. 

The  graduated  student  who  intends  to  become  an  electrical  en- 
gineer today  should  understand  thoroughly  the  fundamental  prin- 
ciples of  mechanical  engineering  and  civil  engineering,  chemistry 
and  hydraulics,  building  construction  and  general  business  law  as 
well  as  theoretical  and  applied  electricity.  A  good  knowledge  of 
the  modern  languages  such  as  French,  German  and  Spanish  is  not 
only  useful  for  the  purposes  of  study  but  for  actual  service  in  the 
applications  of  electricity  abroad.  Ever^  student  should  realize  that 
such  fundamental  knowdedge  of  the  branches  of  engineering  other 
than  pure  electrical  as  well  as  a  broad  general  education  is  para- 
mount to  ultimate  success  in  electrical  engineering,  and  by  that  we 
mean  assuming  the  responsibility  of  conducting  large  engineering 
undertakings  or  the  management  of  large  industrial  operations. 

The  successful  engineer  like  the  successful  man  in  any  walk  of 
life  must  have  certain  personal  characteristics  which  may  be  natural 
to  him  or  may  be  acquired.  Personality  counts  for  much  in  this 
world  of  ours.  Not  the  superficial  obtained  by  artificial  outward 
appearance,  but  the  real  qualities  which  come  from  the  higher  culti- 
vation of  the  mind,  the  strength  of  moral  character  and  the  healthy 
development   of  the   body. 

The  power  of  observation  is  keenly  developed  in  the  successful 
man.  He  remembers  what  he  sees  and  understands  what  he  hears. 
Learning  by  observation  is  a  perfectly  natural  quality.  Little  chil- 
dren learn  to  speak  their  native  language  and  acquire  their  various 
mannerisms  through  observation  of  the  adults  with  whom  they  are 
in  daily  contact. 

Liitiative  is  vital  to  success.  The  man  who  recognizes  the  car 
of  opportunity  as  it  approaches  and  boards  it  is  the  aggressive  man 
who  gets  results.    Without  neglecting  the  duties  of  our  own  position 
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we  should  try  to  equip  ourselves  for  that  next  higher  in  rank  so 
as  to  be  prepared  to  occupy  it  if  the  opportunity  should  be  presented. 

We  sometimes  hear  engineers  complain  because  their  positions 
in  the  community  are  not  recognized  to  the  same  extent  as  that  of 
other  men  in  other  walks  of  life.  The  basic  trouble  is  that  some 
engineers  devote  all  of  their  time  to  engineering  and  not  to  the 
other  matters  in  which  the  community  is  interested  and  they  are 
therefore  counted  men  of  narrow  views.  I  would  urge  the  engineer 
to  devote  a  part  of  his  time  to  public  spirited  work  of  a  non-political 
nature.  Engaging  in  such  work  will  bring  him  in  contact  with  the 
men  of  highest  character  in  the  community — usually  with  men  who 
are  in  the  habit  of  dealing  with  large  affairs — and  will  develop  him 
mentally,  teach  him  to  look  at  things  from  different  points  of  view 
and  have  a  decidedly  broadening  influence  upon  his  character.  Time 
and  energy  thus  expended,  while  it  may  appear  at  the  moment  to  be 
sacrificed,  will  ultimately  make  him  more  valuable  to  himself  and 
to  those  by  whom  he  is  engaged. 

One  should  be  careful  however  in  enlisting  in  such  work  that 
he  does  not  drift  into  the  class  of  destructionists  whose  efforts  are 
expended  against  everything  to  which  there  may  be  attached  any 
semblance  of  success.  These  men  as  a  rule  have  nothing  to  lose 
and  think  to  gain  prominence  by  their  attacks  which  bring  them  into 
the  lime  light,  for  which  position  they  are  constantly  striving.  Any- 
one may  tear  down  but  it  takes  brains  and  skill  and  energy  to  build 
up.  Live  in  the  atmosphere  of  optimism  which  is  the  harbinger  of 
prosperity,  and  adopt  a  constructive  policy  in  all  your  undertakings. 

Be  loyal  and  respectful  to  your  superiors,  fair  and  considerate 
to  those  under  you.  Do  not  be  critical  of  your  fellowman  because 
he  may  appear  to  be  less  well  informed  on  some  subject  than  yoii 
are.  Possibly  he  may  be  much  better  posted  on  other  more  im- 
portant subjects  than  you  are  yourself. 

Be  tactful  but  never  at  a  loss  of  sincerity. 

When  given  a  problem  to  solve  or  a  matter  to  undertake  do  not 
come  back  to  your  employer  and  question  him  as  to  how  to  attack 
it;  plan  for  yourself  the  means  and  methods  of  accomplishing  the 
purpose;  find  the'necessary  information  for  yourself,  for  it  is  to  be 
found  somewhere.  Your  employer  has  not  the  time  to  arrange  the 
details  of  your  plan  of  procedure — he  has  assigned  that  to  you,  and 
what  he  expects  from  you  is  the  result.  Determine  for  yourself  a 
fixed  purpose  in  life  and  work  steadily  toward  it  in  a  straight  line. 
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TEST  OF  A  3-KW.  WESTINGHOUSE  TYPE  S 
TRANSFORMER. 


Antonio  Guell,  M.  S.,  M.  E. 
Hubert  M.  Turner,  E.  E.,  'io. 


Some  time  ago  the  Electrical  Laboratory  of  the  University  of 
Illinois  received  a  3-kw.  transformer  sent  for  test  by  the  Westing- 
house  Electrical  and  Mfg.  Co.,  through  Mr.  W.  R.  Pinckard  of 
Chicago.  As  this  transformer  represents  the  most  modern  practice 
of  this  company,  being  the  result  of  exhaustive  electrical  research 
and  careful  mechanical  design,  it  was  with  genuine  interest  and 
care  that  this  test  was  conducted  by  the  writers. 

Description  op  the  Transformer. — This  transformer  is 
mounted  in  a  smooth,  weather-proof  cast  iron  case  and  gross  weighs 
about  150  lbs.,  (or  50  lbs.  per  kw.).  The  core,  which  is  of  the 
shell  type,  is  built  up  of  laminated  sheet  steel  punchings,  and  con- 
sists of  four  magnetic  circuits  encircling  the  winding  and  protecting 
it  from  mechanical  injury.  The  high-tension  winding  is  movmted 
concentrically  between  two  low-tension  coils.  The  core  has  the 
following  dimensions:  inside  cross-sectional  area,  7.55  square  inches, 
containing  11.25  lbs.  of  iron  (3.75  lbs.  per  kw.)  ;  outside  dimension, 
14.2  sq.  in.,  containing  43.94  lbs.  of  iron  (14.65  lbs.  per  kw.).  The 
high-tension  windings  have  1480  turns  (740  turns  each  coil)  of 
0.0403  in.  round  wire  weighing  10.94  lbs.,  (3.65  lbs.  per  kw.).  The 
low-tension  windings  have  148  turns  (74  turns  each  coil)  of  0.064 
by  0.095  i"-  double  (two  wires  in  multiple),  and  weigh  10.19  lbs. 
(3.4  lbs.  per  kw.).  The  windings  completely  fill  the  openings  which 
are  2  3-16  by  5  3-16  in. 

An  examination  of  the  interior  of  this  transformer  revealed  the 
fact  that  the  "much-abused"  tape  is  noticeable  by  its  absence.  Be- 
tween the  high-  and  low-tension  coils  are  layers  of  paper  and  mica, 
and  the  whole  winding  is  insulated  from  the  core  by  means  of 
strips  of  press-board  3-16  in.  thick.  The  insulating  compound  with 
which  the  core  and  coils  are  impregnated  (by  the  vacuum  process) 
not  only  improves  the  insulation  but  also  makes  the  winding  oil- 
and  moisture-proof.  On  the  other  hand,  the  presence  of  this  insu- 
lating compound  makes  repairs  more  difficult. 

The  normal  frequency  of  this  transformer  is  60  cycles,  but  its 
design  permits  of  its  being  used  on  circuits  of  any  frequency  from 
50  to  140  cycles  .  The  lower  curves  in  Fig.  10  and  11  prove  this 
conclusively.  The  voltages  of  the  secondary  and  primary  windings 
are  110-220  and  1 100-2200,  respectively. 
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Source  of  Power. — A  lo-pole  7.5  kw.  inductor  alternator  built 
by  students  of  the  University  of  Illinois,  driven  by  a  15-h.  p.,  220- 
volt  Westinghouse  direct  current  motor.  Although  the  shape  of 
the  wave  of  this  inductor  alternator  differs  from  the  standard  sine 
wave,  this  machine  was  selected  because  its  e.m.f.  and  frequency 
could  be  varied  widely. 

Instruments. — The  instruments  used  were  always  calibrated 
after  the  particular  test  had  been  completed.  Both  a  speed  counter 
and  a  tachometer  were  used  for  determining  the  speed  of  the  alter- 
nator. 


Alternator   and   Transformer    iiixui    \\  liieli    the   Test    was    Conducted. 


Core  Loss. — The  hysteresis  loss  and  the  eddy  current  loss  were 
determined  for  the  following  conditions : 

(i)     Variable  pressure  and  constant  magnetization.  i 

(2)  Variable  pressure  and  constant  frequency. 

(3)  Variable  frequency  and  constant  pressure. 


TllK    Ti:CHXOGR.\PH. 


Hiqh  "Tension. 


Fig.  I  shows  the  connections  for  determining  the  core  loss  for 
conditions  (i),  (2),  and  (3).  V  is  a  voltmeter,  W  a  wattmeter,  and 
A  an  ammeter. 

(i)  Variable  Pressure  and  Constant  Magnetisation. 

(a)  60-CYCLe,  1 10- Volt  Adjustment. — The  inductor  alter- 
nator was  run  at  720  r.p.m.  (60  cycles)  and  the  field  current  was 
adjusted  to  obtain  no  volts,  normal  pressure.  With  the  field  cur- 
rent constant,  the  speed  was  changed  from  473  r.p.m.    (39  cycles) 


TABLE  I. 

Separation  of  Core  Loss   (Cold).  6o-Cycle.   no- Volt 
Adjustment.  Constant  B. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Volts 

(l)/(3) 

=z 

Amp. 

(2)/(9) 

Watts 

(5)/ (8) 
=W/f 

Speed 
R.P.M 

f 

27rf=  w 

72.3 

113.3 

0.638 

0.457 

18.4 

0.467 

473 

39.4 

248 

83.6 

131.5 

0.636 

0.458 

21.9 

0.481 

546 

45.6 

287 

91.2 

143.0 

0.638 

0.457 

23.7 

0.477 

595 

49.7 

313 

102.7 

160.3 

0.640 

0.457 

27.6 

0.493 

670 

55.9 

352 

110.3 

172.0 

0.640 

0.454 

30.1 

0.502 

720 

60.0 

377 

124.5 

194.0 

0.641 

0.454 

34.6 

0.510 

813 

67.8 

427 

123.6 

193.0 

0.641 

0.454 

34.4 

0.512 

807 

67.3 

424 

134.4 

208.0 

0.645 

0.452 

37.9 

0.518 

878 

73.2 

461 

144.4 

223.0 

0.647 

0.451 

41.7 

0.528 

943 

78.7 

495 

154.4 

238.0 

0.650 

0.450 

45.0 

0.534 

1008 

84.1 

529 

164.2 

252.0 

0.650 

0.448 

48.6 

0.543 

1073 

89.4 

562 

175.0 

268.0 

0.654 

0.447 

52.8 

0.554 

1143 

95.3 

600 

184.4 

282.0 

0.654 

0.447 

56.3 

0.561 

1204 

100.4 

632 

198.2 

302.0 

0.656 

0.445 

62.2 

0.577 

1293 

107.8 

678 

219.0 

330.0 

0.663 

0.440 

67.2 

0.564 

1430 

119.2 

750 

221.0 

332.0 

0.665 

0.440 

71.7 

0.597 

1442 

120.1 

755 

to  1442  r.p.m.  (120  cycles)  while  the  pressure  was  varied  from  72.3 
to  221  volts.  Columns  i,  3,  5,  and  7.  Table  I,  give  the  readings 
obtained.  Column  4  shows  plainly  that  during  the  test  the  magneti- 
zation remained  fairly  constant.  The  two  secondary  coils  were  in 
parallel. 
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B'ig.  2  shows  the  graphical  separation  of  the  core  losses  at  60 
cycles.  Using  the  values  given  in  Table  i,  a  curve  was  plotted  with 
watts  divided  by  frequency  as  ordinates,  and  frequency  as  abscissas. 
The  curve  (a  straight  line' if  the  readings  are  correct)  was  produced 
until  it  cut  the  Y-axis.  A  horizontal  line  was  drawn  through  the 
point  of  intersection  dividing  each  ordinate  into  two  parts ;  the  upper 
and  lower  part  multiplied  by  the  corresponding  frequency  gave  the 
hysteresis  loss  and  the  eddy  current  loss  respectively,  as  shown  in 
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Figs.  2  and  3.  This  graphical  separation  is  based  on  the  fact  that 
with  magnetization  constant  the  hysteresis  loss  varies  as  the  fre- 
cjuency  /,  while  the  eddy  current  loss  varies  as  the  square  of  the 
frequency.     This  may  be  represented  by  the  formula 

W  =  h  f  +   kc  f  (I) 

where  W    =  core  loss,  watts, 

A';,     =  hysteresis  constant, 

/       =   frequency,  cycles  per  second, 

k,if  =  hysteresis  loss,  watts, 

ke     =  eddy  current  constant, 

kep  =  eddy  current  loss,  watts. 
Dividing  (1)  by  /,  we  get, 

PV  ~f=    h    +    k,:  f 

which  is  the  equation  of  a  straight  line.  (See  Fig.  2). 

(b)  I20-Cycle,  1 10- Volt  Adjustment. — The  inductor  alter- 
nator was  run  at  1440  r.p.m.  (120  cycles)  and  the  current  in  the 
field  was  adjusted  to  obtain  no  volts,  normal  pressure.     With  the 
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TABLE  II. 

Separation  oe  Core  Loss   (Cold).  6o-Cycle,   iio-\'olt 

Adjustment.  Constant  B. 


(1) 
Volts 


(2) 
(l)/{3) 

=2; 


(3) 
Amp. 


(4) 
(2)/ (9) 


(5) 
Watts 


(6) 

(5)/(8) 
=W   f 


Speed 
R.P.M 


(8) 
f 


(9) 


27rf= 


57.6 

70.2 

82.4 

95.8 

101.7 

110.3 

115.7 

122.5 

134.4 


174 
209 
243 
277 
289 
311 
323 
339 
368 


0.331 
0.336 
0.339 
0.346 
0.351 
0.354 
0.358 
0.361 
0.365 


0.442 
0.436 
0.431 
0.422 
0.414 
0.412 
0.408 
0.404 
0.401 


10.1 
12.2 
15.0 
18.1 
19.5 
21.5 
23.0 
24.5 
27.6 


0.161 

752 

62.7 

0.160 

917 

76.3 

0.167 

1078 

89.7 

0.173 

1253 

104.5 

0.176 

1326 

110.7 

0.179 

1440 

120.0 

0.183 

1510 

125.7 

0.184 

1600 

133.3 

0.189 

1755 

146.2 

394 
480 
564 
657 
697 
755 
791 
838 
919 


field  current  constant,  the  speed  was  changed  from  752  r.p.m.  (63 
cycles)  to  1755  r.p.m.  (146  cycles)  while  the  pressure  was  varied 
from  57.6  to  134.4  volts.  Table  2  and  Figs.  4  and  5,  for  this  ad- 
justment, were  obtained  following  the  method  used  for  the  60- 
cycle,  iio-volt  adjustment. 

From  Fig.  2  the  total  core  loss  at  60  cycles  (e.m.f.  constant  at 
no  volts)  is  30  watts,  24  watts  (or  80%)  corresponding  to  the 
hysteresis  loss,  and  6  watts  (20%)  to  the  eddy  current  loss.  From 
Fig.  4  the  total  core  loss  at  120  cycles  (e.m.f.  at  no  volts)  is  21.6 
watts,  of  which  15.6  watts  (or  'J2%^  is  the  hysteresis  loss  and  6 
watts  (or  28%)  the  eddy  current  loss.  Therefore,  the  total  loss 
at  60  cycles  is  39%  higher  than  at  120  cycles,  the  hysteresis  loss  is 
54%  higher,  and  the  eddy  current  loss  has  the  same  value  for  both 
frequencies. 

With  constant  e.m.f.,  the  eddy  current  loss  at  60  and  120  cycles 
may  be  obtained  with  the  aid  of  the  formulas. 

We  =  k  f-  B-  (for    60  cycles) 

and  Wc  =  k  (2f)-  (B  -^  2)-  (for  120  cycles) 

where  k  is  a  constant  and  B  is  the  maximum  flux  density  for  the  60- 
cycle,  no-volt  adjustment.  These  two  formulas  clearly  show  why 
the  foucault  current  loss  should  be  the  same  for  these  two  adjust- 
ments. The  general  formula  for  the  effective  e.m.f.  (see  Double 
Voltage  Test)  may  be  written 

E  =  kf  B 
where  ^  is  a  constant.     Therefore,  if  B  is  divided  by  2,  /  must  be 
multiplied  by  2  in  order  to  keep  E  constant,  which  is  the  case  imder 
consideration. 
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(2)     Variable  Pressure  and  Constant  Frequency. 

(a)  Constant  Frequency  =  60  Cycles. — Table  3  gives 
readings  of  volts,  amperes  and  watts  obtained  with  frequency  con- 
stant at  60  cycles.     The  hysteresis  loss  and  eddy  current  loss  were 

TABLE  III. 
Constant  Frequency,  6o-CyclEs.     Variable  E.  M.  F. 


(1) 

(2) 

(3) 

(4) 

(5) 
Watts 

(6) 

(7) 

(8) 

(9) 

Volts 
El 

Amp 

Watts 

E2fi/ 
f  2=Ei 

Inter- 
polation 
W2 

Hyster- 
esis 
Loss 

Eddy 
Loss 

Log- 
Wh 

Log- 
El 

35.1 

0.258 

3.6 

70.2 

9.6 

2.40 

1.20 

0.380 

1.545 

54.7 

0.317 

8.8 

109.4 

21.1 

7.05 

1.75 

0.848 

1.738 

67.9 

0.364 

12.8 

135.8 

31.0 

10.10 

2.70 

1.004 

1.832 

80.1 

0.417 

16.9 

160.2 

41.6 

13.00 

3.90 

1.114 

1.904 

91.9 

0.485 

21.8 

183.8 

53.9 

16.65 

5.15 

1.221 

1.963 

97.2 

0.515 

23.8 

194.4 

60.2 

17.50 

6.30 

1.233 

1.988 

105.7 

0.587 

27.8 

211.4 

71.0 

20.10 

7.70 

1.303 

2.024 

114.3 

0.688 

32.1 

228.6 

83.8 

22.30 

9.80 

1.348 

2.058 

119.6 

0.765 

34.7 

239.2 

127.7 

0.968 

39.0 

255.4 

136.4 

1.530 

45.5 

272.8 

143.4 

2.440 

52.3 

286.8 

147.4 

3.250 

57.2 

1 

294.8 

94  Tin:  Tixmixocrapii. 

separated  (see  Fig.  5)  by  means  of  a  simple  and  accurate  method 
given  by  Prof.  H.  S.  Carhart  in  the  Electrical  World,  vol.  31,  p. 
306.  This  method  is  based  on  the  measurement  of  these  combined 
losses  at  two  frequencies.  A  series  of  measurements  is  made  at 
at  each  frequency  for  a  number  of  different  voltages.  From  these 
two  series  we  may  obtain  several  pairs  of  equations  connecting  to- 
gether the  hysteresis  and  eddy  current  losses,  each  pair  being  taken 
for  the  same  value  of  the  maximum  instantaneous  induction  B 
of  the  magnetic  wave  at  the  two  frequencies.  The  general  formula 
for  the  effective  e.m.f., 

B  =  V^'tt  fn  a  B  X  10-^  volts, 
where  /  is  the  frequency, 

n,  the  number  of  turns  of  wire, 

A,  the  cross  section  of  the  iron, 

B,  the  maximum  induction, 

shows  plainly  that  if  B  is  kept  constant  B  varies  as  /.  Therefore, 
if  B  is  kept  constant,  then, 

£,  X  —  =  E, 

h 

where  £^  is  the  corresponding  voltage  at  frequency  f.^.  Now,  by 
means  of  a  curve  expressing  the  relation  between  volts  and  total 
iron  loss  for  the  second  frequency,  we  may  easily  find  the  total 
loss  corresponding  to  voltage  B^. 

If  ]]\  and  r[\_,  are  the  total  losses  for  the  two  frequencies  f^ 
and  /.,  l)()th  with  the  same  value  of  B,  and  k},  and  kg  are  constants, 
then 

u\  =  kuf,  +  Kf;'  (I) 

W,  =  hf,^   ke  f.^  (2) 

where  ki,  f^  is  the  hysteresis  loss  and  kc  /\"  is  the  eddy  current  loss 
ft)r  the  first  frequency.  With  the  help  of  formulas  (i)  and  (2)  and 
the  lower  curve  in  Fig  9  the  losses  were  separated  as  shown  in 
columns  6  and  7  of  Table  3,  and  by  the  curves  in  Fig.  6. 
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The  exponent  of  5  in  Steinmetz's  formula  for  the  hysteretic 
loss,  was  determined  using  the  value  of  W\  (hysteretic  loss,  watts) 
and  of  B  (volts)  given  in  columns  6  and  i  of  Table  3.  E  was  used 
instead  of  B  because,  /  being  a  constant,  the  voltage  is  proportional 
to  the  magnetic  induction.  Therefore,  the  formula  Wh  =  c  B'. 
where  c  is  a  constant  and  x  the  Steinmetz's  exponent,  may  be  written 
Wh  =  k  E^,  where  ^  is  a  new  constant.  Hence ;  log  IVn  =  x  log  E  + 
•constant.  The  relation  between  the  logarithms  of  JVh  and  E  (columns 
8  and  9,  Table  3)  is  the  equation  of  a  straight  line,  and  the  desired 
exponent  x  is  the  tangent  of  the  angle  which  this  line  makes  with 
the  axis  of  log  E  (see  Fig.  7). 
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(b)     Constant  FrKuuhncv  =  120  Cycles. — By  means  of  the 
curve  in  Fig.  7  and  the  vahies  given  in  Table  4.  the  livsteresis  and 
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TABI,E  IV. 

Constant  Frequency,   i2o-Cycle. 


Variable  E.AI.F. 


(1) 

(2) 

(3) 

(4) 

(5) 
Watts 

(6) 

(7) 

(8) 

(9) 

Volts 

Ki 

Amp. 

Watts 
W, 

El  f  2/'' 

Inter- 
polation 

Hyster- 
esis 
Loss 

Eddy 
Eoss 

Log 
Wh 

Eog 

El 

55.6 

0.243 

6.0 

27.80 

2.5 

4.0 

2.0 

0.602 

1.745 

71.8 

0.279 

10.4 

35.90 

4.0 

5  6 

4.8 

0.748 

1.856 

80.1 

0.298 

12.4 

40.10 

4.8 

6.8 

5.6 

0.833 

1.904 

89.6 

0.315 

14.8 

44.80 

6.0 

9.2 

5.6 

0.964 

1.952 

100.8 

0.329 

18.4 

50.40 

7.7 

12.4 

6.0 

1.093 

2.003 

111.8 

0.354 

22.0 

55.90 

9.2 

14.8 

7.2 

1.170 

2.048 

123.6 

0.380 

26.2 

61.80 

11.0 

17.8 

8.4 

1.251 

2.092 

123.4 

0.381 

26.3 

61.70 

11.0 

17.7 

8.6 

1.248 

2.091 

141.8 

0.423 

33.8 

70.90 

14.0 

22.2 

11.6 

1.346 

2.152 

155.3 

0.459 

39.2 

77.65 

16.4 

26.4 

12.8 

1.422 

2.191 

164.1 

0.486 

43.6 

82.05 

18.0 

28.4 

15.2 

1.453 

2.215 

183.5 

0.561 

53.9 

91.75 

21.8 

33.3 

20.6 

1.522 

2.264 

204.1 

0.684 

67.3 

102.04 

26.3 

1 

37.9 

29.4 

1.579 

2.310 

eddy  current  losses  were  separated  from  the  total  iron  loss  in  a 
manner  similar  to  that  already  explained  when  the  frequency  was 
kept  con.stant  at  6o  cycles  and  the  e.m.f.  was  varied.  (See  Fig.  8). 
The  Steinmetz's  exponent  for  a  frequency  of  120  cycles  per  second 
.was  found  to  be  1.73,  as  shown  in  Fig.  9. 

(3)     \'ariable  Frequency  and  Constant  Pressure. — Table 
5  gives  readings  taken  for  the  separation  of  the  core  losses  when 
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TABLE  V. 
Constant  E.  M.  F.    Variable;  Frequency. 


Total 

Spi'od 
K.  P.  M. 

Hy.ster- 
esis 

Kddy 

Per  cent. 

Volts 

Amp. 

Loss 

Frequency 

Loss 
Watts 

Loss 

E.xeitlng 

Watts 

Watts 

Current 

109.8 

3.300 

40.8 

527 

43.8 

33.3 

7.5 

12.1 

110.3 

1.740 

36.3 

568 

47.3 

28.8 

7.5 

6.4 

1.080 

33.4 

617 

51.4 

25.9 

7.5 

4.0 

0.635 

30.8 

724 

60.3 

23.3 

7.5 

2.3 

0.543 

28.2 

795 

66.2 

20.8 

7.4 

2.0 

0.649 

26.3 

918 

76.5 

18.9 

7.4 

1.7 

0.412 

24.5 

1074 

89.6 

17.6 

7.9 

1.5 

0.379 

23.0 

1230 

102.4 

16.1 

7.9 

1.4 

0.353 

21.7 

1428 

119.2 

14.5 

7.2 

1.3 

0.330 

20.2 

1680 

140.0 

13.0 

7.2 

1.2 

the  e.m.f.  remained  constant  and  the  frequency  varied  from  40  to 
140  cycles.     For  this  special  case  the  following  formulas  were  used : 

[f\  =   ^,/-0«6+    ffV  (I) 

ir,  =  k„f.r''''-{-  U'r  (2) 


A-„  = 


(3) 


/^0.66  _  ^^0 


where  JJ\  =  total  iron  loss  at  frequency  /j,  k/,  fj~^-^^  =  hysteresis 
loss,  and  ]}\  =  eddy  current  loss.  This  last  loss,  as  seen  from 
equations  (i)  and  (2),  remains  constant  at  all  frequencies  when 
the  e.m.f.  is  kept  constant.     Column  8,  Table  5,  gives  exciting  cur- 
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rent  in  per  cent  of  full-load  current.  Fig.  10  shows  two  curves,  one 
drawn  with  total  loss  in  watts  as  ordinates  and  frequency  as  abscis- 
sas, the  other  with  exciting  current  in  amperes  as  ordinates  and  fre- 
quency as  abscissas.  Fig.  11  shows  the  separation  of  the  hysteresis 
and  eddy  current  loss.  The  lower  curve  in  Fig.  11  gives  exciting 
current  at  different  frequencies  in  per  cent  of  full-load  current. 

Measurement  of  Resistance. 

The  resistance  of  the  transformer  windings,  which  must  be 
known  in  order  to  determine  the  efificiency  and  regulation,  was  meas- 
ured by  the  fall-of-potential  method.    Table  6  gives  observed  values 

TABLE  VI. 
Measurement  oe  Resistance. 


Secondary 

Primary 

Ampers 

Volts 

Ohms 

Ampers 

Volts 

Ohms 

8.6 

14.75 
18.25 

22.90 
27. 10 
31 .20 
35-20 
12.20 

0-378 
o.6so 
0.808 
0.960 
1. 125 
1. 310 
1 .480 
0.520 

0.0439 
0 . 044 [ 
0.0442 
0.0418 
0.0414 
0.0419 
0.0421 
0 . 0426 

0-775 
0.950 
1 .080 
1.250 
1.380 

2.57 
3-13 
3-58 
4-15 
4-58 

3-310 

3-294 
3-310 
3-310 
3-310 

of  current  and  voltage  for  both  the  high-and  low-tension  windings. 

E 
The  resistance  was  calculated  from  Ohm's  law,  R  ^  —  .    At  a  tem- 

/ 
perature  of  25.5°  C.  the  resistance  of 'the  low-tension  windings  was 
found  to  be  0.043  ohm,  and  that  of  the  high-tension  coils,  3.32  ohms. 
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Double  I'oltagc  Test. 

W'itli  connections  as  shown  in  Fig.  I   (omitting  the  wattmeter) 
and  with  frequency  constant  at  60  cycles,  the  pressure  was  increased 

TABLE  MI. 

Double  \'oltage  Test. 


Volts 

Amperes 

B 

Lines  per  sq.  in. 

Exciting 
Ampereturns 

35-1 

0.258 

23.580 

19 

54-7 

0.317 

36.750 

23 

67.9 

0.364 

45,620 

27 

80.1 

0.417 

53.820 

31 

91.9 

0.485 

61,750 

36 

97.2 

0-515 

65.310 

38 

105.7 

0-587 

71.020 

43 

114- 3 

0.688 

76,800 

51 

1 19.6 

0.765 

80, 360 

57 

127.7 

0.968 

85.800 

72 

1 3 1 . 2 

I.  140 

88,150 

84 

I4.S-4 

2.  IIO 

97.690 

1.56 

153-4 

3  .  060 

103.070 

227 

158.2 

3.860 

106,290 

286 

161. 2 

4 -540 

108,310 

336 

167. 1 

5 .  460 

112,270 

404 

173-0 

7-340 

116,240 

544 

181. 9 

9.980 

122,220 

738 

188.9 

12.900 

1 26,920 

955 

196.2 

15-520 

131,830 

1 1 50 

202.0 

I 8 . 240 

135.720 

1350 

206 . 5 

20 . 840 

138.750 

I.S40 

212.0 

23-730 

142,440 

1760 

220.0 

27.590 

147,820 

2040 

224.0 

30.180 

150,500 

2240 

by  steps  from  35  to  224  volts  (about  twice  the  normal  voltage). 
Table  7  gives  the  data  o])tained.  Column  3  was  calculated  with  the 
aid  of  the  general  formula 


B   — 


E  X  io« 


E  X  10' 


V2  IT  f  n  A 
(lines  per  sq.  in.) 


148 
4.44X60X X  7.55 


=  671.9  E 
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where  B  is  the  maximum  induction,  E  the  effective  e.m.f.,  /  the  fre- 
quency, II  the  number  of  turns  (secondaries  in  multiple),  and  A  the 
cross-section  of  the  iron.  Column  4  gives  the  exciting  current  mul- 
tiplied by  74  (turns). 
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The  curve  in  Fig.  12  shows  the  relation  between  magnetic  flux 
and  exciting-ampere-turns.  It  is  to  be  noticed  that  the  knee  of  the 
curve  is  reached  at  a  pressure  of  130  volts. 
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Short  Circuit   Test. 
Table  8  gives  readings  obtained  witli  connections  as  shown  in  Fig. 
n-     l>«^th  the  impedance  drop  and  the  combined  I-  R  loss  were  de- 

,o> Low  Tension. 
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termined  for  a  frequency  of  60  cycles,  the  primaries  and  secondaries 
being  in  multiple.  Fig.  14  gives  a  curve  drawn  with  impedance 
volts   (primary)   as  ordinates  and  secondary  amperes  as  abscissas. 

TABLE  VIII. 

Short-Circuit  Test. 


Amperes 

Amperes 

Volts 

Watts 

Secondary 

Primary 
0.63 

Primary 

Primary 

5-37 

6.03 

2.5 

6.16 

0.71 

7.09 

3-2 

8.20 

0.88 

9.06 

6.0 

9.48 

I  .01 

10.43 

7-7 

14.00 

I  •  55 

14-39 

17.8 

1 5 .  60 

1.70 

17.20 

21.4 

17. 10 

1.86 

18.70 

26.3 

19.30 

2.08 

21 .70 

34-3 

21 .30 

2.26 

23.20 

42.1 

25.40 

2.75 

28.70 

61. 1 

28.30 

3-07 

32.70 

76.2 

29 .  90 

3-23 

33 -60 

85.1 

32.00 

3-41 

36.40 

.     97-5 

34- 10 

3-56 

38.80. 

1 10. 3 

36.10 

3.81 

40.80 

126.6 

38.60 

4.08 

43-90 

145.0 

io8 
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Fig.  15  gives  the  usual  curves  of  impedance  volts  and  impedance 
watts,  with  primary  amperes  as  ordinates.  Fig.  17  shows  a  curve 
drawn  with  copper  loss  as  ordinates,  and  secondary  amperes  and 
load  in  ])er  cent  as  abscissas.  From  Fig.  15.  the  impedance  drop  at 
full  load,  with  normal  voltage  and  frequency  at  60  cycles,  is 


30 
1 100 


=  2.7  % 
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Load   Test. 

The  Westinghouse  transformer  was  loaded  by  means  of  a  lamp 
bank  on  the  secondaries  of  two  other  transformers.  Fig.  16  shows 
the  connections  used  for  this  test.  The  low-tension  coils,  as  well 
as  the  high-tension  windings,  were  connected  up  in  multiple.  With 
pressure  and  frequency  constant  (110.3  volts  and  60  cycles,  respec- 


riq.16  -Connection  for  Load  Test. 

TABLE  IX. 
Load  Test.     Primaries,  and  Secondaries  in  Multiple. 


lyow  Tension 

Hig-h  Tension  " 

Volts 

Amperes 

Watts 

Volts 

Amperes 

Watts 

no. 3 

32.07 

3475 

1092 

?^-22, 

3235 

" 

28.78 

3175 

1092 

2.86 

2870 

27.49 

3025 

1096 

2.74 

2770 

24.02 

2650       ' 

1099 

2.40 

2380 

it 

19.90 

2176 

1 104 

1 .96 

1945 

14-51 

1616 

I  no 

1-43 

1 53 1 

a 

10.49 

1 176 

1114 

i-LS 

1095 

(< 

4-83 

510 

1109 

0.42 

469 

" 

1.83 

80 

1124 

0. 10 

50 

i( 

0.00 

0 

1128 

0.00 

0 

tively),  the  lamp  load  was  decreased  from  17^/f  overload  to  zero 
load.  Table  9  gives  readings  of  volts,  amperes,  and  watts  taken  for 
both  the  low-  and  high-tension  sides  of  the  transformer.    At  the  end 


no 
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of  this  test,  which  lasted  about  an  hour,  the  resistance  of  the  low- 
and  high-tension  windings  was  found  to  be  0.0465  and  3.57  ohms, 
respectively,  at  a  tenii)erature  of  40.9°  C.  From  Table  9,  the  regu- 
lation drop  is 


1 128  —  1096 
1096 


?>^ 


1096  ' 


2.97f 


The  regulation  drop  as  obtained  from  the  load  test  cannot  be  relied 
upon  on  account  of  the  small  difference  between  the  full-load  and 
no-load  values,  and  the  liability  to  error  in  measuring  either  of  them. 
The  calculated  regulation  dro])  (the  more  accurate  method  )  will  be 
given  further  on.  ** 

Efficiency. 
The  efficiency  of  a  transformer  may  be  represented  by  the  for- 


mula 


W 


W+Wn  +  We  +  ir 


■,  where  IJ^  is  the  output   (non-in- 


ductive load),  JJ',1  the  hysteresis  loss,  IVr  the  eddy  current  loss,  and 
JVc  the  copper  loss.  Of  course  these  losses  should  be  determined 
at  the  rated  frequency  and  voltage.  Column  7  of  Table  10.  calcu- 
lated with  the  aid  of  the  above  formula,  gives  efficiencies  for  several 

TABLE  X. 
Efficikncy  from  Losses. 


Load 
in 

% 

Load 
Watts 

Copper 

Loss 

Watts 

Hyster- 
esis Loss 
Watts 

Eddy 

Current 

Loss 

Input 
Watts 

Efficien- 
cy in 

% 

25 
50 

75 

TOO 

125 
150 

750 
1500 
2250 
3000 

3750 
4500 

4 
16 

39 

72 

III 
163 

24 
24 
24 
24 
24 
24 

6 
6 
6 
6 
6 
6 

784 
1546 
2319 
3102 
3891 
4693 

95-7 
97.0 
97.0 
96.7 
96.4 
95-9 

loads.     (See  Fig.   17).     Column  3  gives  the  copper  loss   (see  Fig. 
17  ),  and  columns  4  and  5  were  obtained  from  the  curves  in  Fig.  3. 
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The  all-day  efficiency  of  a  transformer  is  the  ratio  of  the  out  put 
to  the  ///  put  during  24  hours.  As  the  usual  conditions  of  practice 
will  be  met  if  the  calculation  is  based  on  3  hours  at  full  load  and  21 
hours  at  no  load,  using  Table  10  we  find  the  all-da\-  efficiency  of 
the  Westing'house  transformer  to  be 


3000  X  3 
3000  X  3  +  30  X  24  +  72  X  3 


90.6  % 
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Regulation. 

Tlic  regulation  of  a  transformer  is  the  ratio  of  the  rise  of  sec- 
ondary voltage,  from  full  load  to  no  load,  to  the  secondary  voltage 
(the  primary  pressure  remaining  constant),  this  ratio  being  ex- 
pressed in  per  cent.  It  has  been  mentioned  before  that  this  method 
of  determining  regulation  is  by  no  means  reliable  owing  to  the  small 
ditiference  between  full-load  and  no-load  values  of  the  secondary 
voltage.  The  more  reliable  method  is  to  calculate  the  regulation 
drop  from  the  separate  measurements  of  resistance,  reactive  drop 
and  magnetizing  current.  The  following  simple  and  accurate  formu- 
la, developed  in  the  Engineering  Department  of  the  General  Elec- 
tric Co.,  (see  circular  No.  8317),  was  made  use  of  in  determining 
the  regulation   for  non-inductive  load : 


B  ^  yJ(ioo  +  PIR  +  \VIX)-  +  (IXy  Ca) 

where  E  is  the  no  load  voltage  expressed  in  per  cent  of  the  full  load 
voltage,  P  is  the  power  factor  of  the  load,  IR  is  the  total  resistance 
drop  expressed  in  per  cent  of  rated  voltage,  IX  the  reactive  drop 
similarly  expressed,  and  W  the  wattless  factor  of  the  primary  cur- 
rent. The  following  data,  obtained  from  the  ditTerent  tests,  are 
necesary  for  the  solution  of   (a)  : 

Primary  resistance,  R'  equals  3.57  ohms  at  40.9°  C, 

9.82 

Primary  /'  R'  =  2.75  x  3.57  =  9.82  volts,  or  =  0.88%, 

1 100 

Secondary  resistance,  R"  =  0.0465  ohms  at  40.9°  C, 

1.28 

Secondary  /"  /?"  ==  27.5  x  0.0465  =  1.28  volts,  or =  1.16%, 

1 10 

Total   /  7?   =   C.88  +    I  .  16   rrr   2.04%, 

30.7 

Im])cdance  droj)  (Fig.  14)  ^  30.7  volts,  or  =  2.8%, 

II 00 

Jj'afts  69  23.6 

Ohmic  drop.  /  R  =  =  m  -23.6,  or  =z  2.14%. 

r  2.92  I  TOO 

( See  Fig.    1 5  ) 


Reactive  <lrop  IX  ^\/{JZY—{IRY-=  V(2.8)-— ( (2.i4)'— 1.81% 


/  Core  Loss 

Magnetizing  currents  ^=    \   (Exciting  Current)- — ( )" 

\''oltase 
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/' 


30      -  0.578 

=  J  (0.64)-  —  ( )■'  =:  0.578  or =  0.021   (See  Table  i) 

no  27.5 

For  non-inductive  load,  JJ'  =:  magnetizing  current  expressed  as 
a  decimal  fraction  of  full  load  current  :=  0.021,  and  P  ^  i.  Sub- 
stituting in  formula  (a), 


-H  ==  V  (100  +  2.04  +  0.021  X  1 .81  )-  +  (1.81  )-  =  102. 10 

Therefore,  the  regulation  drop  for  non-inductive  load  is  2.10%  of 
secondary  full-load  voltage. 
For  inductive  load : 


£  =  Vdoo  +  PiR  +  jvixy  +  (Pix  —  jviR  r-' 


(b) 


where  P  =  c'os  $,  as  before,  and  JV  ^  siii  <I>  +  luai/iictirjiiig  current. 
(See  Table  11  ). 

Conclusions. 

An  inspection  of  the  foregoing  results  will  clearly  show  that 
this  3-kw.  Westinghouse  Type  S  transformer  possesses  some  re- 
markable features  which  up  to  the  present  time  have  been  absent 
in  the  smaller  transformers. 

The  first  row  in  Table  11  gives  the  manufacturer's  guarantee 

TABLE    XL 
Perform.\nce  of  3-KW.  Type  S  Transformer. 


Watts  IyOss 

Per  cent.  Efficiency 

Per  cent.  Regulation 

{*) 

Core 

Cop 
per 

^:^6  3/41..  1/21.. 

1/4L. 

100% 
P.  F. 

90% 

80% 

60% 

Per  cent. 
Exfiting 
Current 

34 
30 

64 

72 

96.8 
96.7 

97.0 
97.0 

96.8 
97.0 

95.2 
95.7 

2.16 
2.10 

2.79 
2.67 

2.91 

2.75 

2.88 
2.70 

3.00 
2.34 

(•)  In  per  cent,  of  full  load  current. 

(see  Descriptive  Leaflet  No.  2227,  Jan.,  1909),  and  the  second  the 
results  obtained  by  the  writers,  which,  as  seen,  are  better  than  the 
manufacturer's  guarantee.  The  discrepancy  between  these  two  re- 
sults can  be  ascribed  to  two  causes :  ( i  )  that  the  guarantee  applies 
rigidly  to  the  average  transformer;  (2)  that  the  inductor  alternator 
used  by  the  writers  does  not  give  the  standard  sine  wave.  Fig.  18 
shows  an  oscillogram  of  the  e.m.f.  wave  of  this  alternator.  It  was 
taken  at  no  load,  60  cycles,  no  volts. 
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Oscillogram  of   E.   >I.  F.  AVave   from   Indtictor  Alternator. 

An  inspection  of  the  lower  curve  in  Fig.  ii  shows  that  50 
cycles  is  the  lowest  frequency  at  which  the  transformer  should  he 
operated,  because  at  lower  frequencies  the  exciting  current  increases 
too  rapidly.     In  fact,  the  best  range  is  60  to  140  cycles  per  second. 

]t  is  a  well-known  fact  that  a  transformer  with  the  least  total 
loss  at  full  load  although  having  the  greatest  maximum  efficiency 
may  not  have  the  greatest  all-day  efficiency.  This  shows  that  some- 
times it  may  be  of  advantage  to  put  many  turns  of  wire  in  the  coils 
of  a  transformer,  thus  increasing  the  copper  loss,  and  decreasing 
the  iron  loss  by  making  the  core  smaller. 

It  has  been  proved  experimentally  that  those  transformers  in 
which  the  iron  loss  is  small  have  a  higher  range  of  frequency,  which, 
of  course,  makes  unnecessary  the  purchase  of  a  special  and  more 
expensive  type  for  the  lower  frequencies.  The  transformer  under 
consideration  has  a  small  core  loss  and  a  high  copper  loss. 

Table  11  shows  that  the  core  loss  is  unusually  small,  and  this, 
of  course,  will  make  the  all-day  efficiency  high  (see  "Efficiency"' 
for  proof). 

The  point  of  maximum  efficiency,  clearly  shown  in  Fig.  17, 
lies  between  jA  load  and  ^  load.  This  is  a  most  desirable  feature, 
its  desirability  being  apparent  when  we  consider  that  in  the  majority 
of  cases,  especially  in  residence  lighting,  the  average  load  on  a  trans- 
former is  not  over  one-half  of  its  capacity. 

The  shell  type  of  transformer  protects  the  winding  from  me- 
chanical injury  but  makes  repairs  more  difficult.  In  this  type  the 
iron  is  cooler  than  the  rest  of  the  transformer ;  in  the  core  type  it 
is  hotter.  As  the  "aging"  of  the  iron,  or  the  increase  of  the  hystere- 
sis coefficient  with  time,  is  believed  to  be  aggravated  by  heat,  this  is 
claimed  as  a  point  of  superiority  of  the  shell  type.  On  the  other 
hand,  the  core  type  has  the  advantage  that  the  coils  run  cooler 
because  of  their  being  more  thoroughly  surround  with  oil  than  those 
of  the  shell  type. 

In  conclusion,  it  may  not  be  amiss  to  state  that  the  writers  have 
endeavored  to  be  absolutely  impartial,  and  that  every  precaution  was 
taken  to  provide  against  inaccuracy. 
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SMOKE  AND  THE  PUBLIC  HEALTH.* 


Dr.  W.  a.  Evans 
Commissioner  of   Health,  Chicago. 


In  1907  Chicago  had  32  000  deaths.  Of  these  9000  were  due 
to  what  we  term  bad  air  diseases, — consumption,  pneumonia,  bron- 
chitis and  influenza.  In  1908  there  were  30  000  deaths  and  8000 
deaths  from  this  group  of  disease.  In  order  that  you  may  under- 
stand the  importance  of  these  figures,  compare  the  4900  deaths  from 
pneumonia  with  the  376  from  typhoid ;  the  3700  from  tuberculosis 
with  the  500  from  diphtheria.  Splitting  the  decennial  period  1898- 
07  in  two  and  comparing  the  last  half  with  the  first,  and  speaking  in 
terms  of  deaths  per  100000  living,  we  find  that  deaths  from  all 
causes  improved  26.2.  A  part  of  this  was  due  to  the  following 
items:  Improvement  in  acute  contagious  diseases,  13.2;  impure 
water  diseases  11.7;  impure  food  diseases,  10.8.  But  in  the  impure 
air  diseases  there  is  a  loss  of  21.7.  All  of  the  effort  had  been  exerted 
on  contagious  diseases,  impure  water  and  impure  food.  The  re- 
lated groups  improved.  The  pollution  of  the  air  goes  unchecked. 
The  deaths  resulting  increase.  " 

In  1908  war  was  waged  on  the  impure  air  diseases.  Comparing 
1908  with  the  whole  of  the  lo-year  period  just  cited,  and  still 
speaking  in  deaths  per  100  000  living,  we  find  an  improvement  in 
the  general  death  rate  of  46,  an  improvement  in  the  bad  air  disease 
of  46.  Most  of  that  was  in  pneumonia.  The  consumption  improve- 
ment was  slight.  But  the  people  who  died  of  consumption  in  1908 
got  it,  in  the  main,  in  1907  and  1906.  The  consumption  death  rate 
of  1909  will  be  a  better  index  of  etiologic  conditions  in  1908  than 
was  the  consumption  death  rate  of  1908. 

As  you  see,  a  little  effort  is  doing  a  lot  of  good.  Some  of  this 
effort  is  being  put  forth  by  the  Smoke  Commission,  some  by ,  the 
Health  Department,  some  by  the  manufacturers,  some  by  the  doc- 
tors, but,  most  of  it  is  the  eft'ort  of  the  people  themselves. 

You  will  note  that  I  am  talking  about  air  pollution  and  bad  air 
diseases  and  not  specifically  about  smoke.  Now,  what  are  the  air 
factors  in  these  bad  air  diseases? 

As  I  treat  the  subject  from  the  disease  standpoint,  I  must  main- 
tain my  perspective,  though  I  realize  that  you  wdio  work  in  fuel 
stand  closer  to  smoke  and  therefore  with  vou  it  looms  larger  than 
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1  indicate.  The  most  important  item  of  air  pollution  is  the  bacterial 
flora  thereof;  the  tubercle  bacilli  pneumococci.  diphtheria,  scarlet 
fever  and  measles  germs,  ])ink  e}e.  influenza  and  other  bacteria  of 
occasional  interest. 

I  wish  to  make  qualifying  statements: 

First  : — Pathogenesis  does  not  persist  more  than  a  few  minutes 
when  the  germs  are  brought  in  contact  with  sunlight  and  a  good 
grade  of  air.  Therefore  not  all  of  the  germs  or  bacteria  which  get 
into  the  air  are  capable  of  spreading  disease.  Much  of  the  dust  is 
(|uite  harmless.  I  rode  with  the  First  Cavalry  from  Chicago  to  Fox 
Lake  and  back  last  July.  Aly  usual  station  was  at  the  rear  of  the 
column.  There  were  600  men  and  more  horses ;  at  times  the  dust 
made  it  impossible  to  see  objects  40  feet  away.  There  were  no 
colds.  The  same  exposure  to  the  infected  dust  of  Chicago  streets 
would  have  caused  colds  and  pink  eye  to  be  nearly  universal. 

SivCONd: — Carriers  are  not  of  the  consequence  sometimes 
thought.  The  entirely  well  man  whose  mouth  harbors  pneumococci 
or  diphtheria  bacilli  is  usually  doing  no  harm.  In  the  process  of 
habituation  the  host  changes  the  bacillus  about  as  much  as  the  bacillus 
changes  the  host.  The  spreader  is  the  convalescent  and  the  man 
actively  sick. 

Tlie  second  factor  is  trade  dust.  This  dust  is  comoosed  of  frac- 
tured particles  with  sharp  edges.  The  workman  usually  works  just 
before  a  dust  making  machine  or  tool,  therefore  he  is  the  point  of 
maximum  concentration.  The  dust  of  the  more  dangerous  trades 
has  no  sulphurous  acid  to  stifle  and  no  odors  to  ofifend,  therefore 
it  is  tolerated.  For  all  of  these  reasons  trade  dust  ranks  second  to 
bacterial  flora. 

In  the  whole  ])opulation,  bad  air  diseases  cause  30  per  cent  of 
the  total  deaths.  In  metal  polishers  and  stone  cutters  actively  work- 
ing, they  cause  90  per  cent  of  the  total  mortality. 

Third: — The  third  factor  is  excretory  air.  It  has  been  difUcult 
to  decide  just  what  is  the  harmful  factor  in  expired  air.  No  spe- 
cific poison  has  been  demonstrated.  No  extraction  has  been  ac- 
cepted. COo  is  held  to  be  of  minor  consequence.  Pflugge's  opinion 
that  is  due  to  temperature  acting  on  the  peripheral  nerve  endings 
of  the  body  is  the  most  po])ular  view  at  the  present  time.  No  one 
had  been  able  to  demonstrate  just  the  poisonous  agent  in  the  other 
excreta.  This  is  true  of  the  urine  and  the  faeces.  With  excretory 
air,  urine  and  faeces  the  position  is  the  same.  The  product  is  pois- 
onous— efforts  at  further  analysis  have  been  fruitless.  The  opin- 
ions other  than  Pflugge's  are  moderately  harmful.  Pflugge's  is 
positively  harmful  in  that  it  leads  entirely  away  from  the  one  known 
fact — that  the  product  is  poisonous.  It  has  one  element  of  truth — 
cold  air  environment  is  beneficent,  warm  air  environment  is  harm- 
ful. The  reason  is  that  waste  air  expired  into  an  environment  of 
cold  air,  being  hot,  will  at  once  rise  out  of  the  breathing  zone  and 
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thereby  becomes  harmless.  Unless  engineers  calling  themselves 
ventilating  experts  put  outlets  at  the  floor  and  inlets  at  the  ceiling. 
Whenever  the  laws  of  men  run  counter  to  the  laws  of  God  man 
suffers. 

Fourth  : — I  mention  odors  out  of  order  to  get  the  subject  out 
of  the  way — odors  serving  as  warnings  have  helped  health  rather 
than  hindered  it.  The  little  health  harm  which  they  do — causing 
naUsea,  worry  and  hysteria  in  those  who  get  excited  about  them — is 
offset  by  their  efficacy  in  keeping  people  away  from  bad  places. 

Fifth  : — Smoke.  How  does  smoke  do  harm  ?  It  fills  the  air 
with  carbon  particles,  with  COo,  CO,  SO3  and  with  volatile  oils. 
Most  smoke  ordinances  are  based  on  the  density  of  smoke.  I  have 
been  greatly  interested  in  the  London  effort  to  rid  their  laws  of  the 
dense  smoke  provisions.  This  discussion  is  to  be  found  in  the 
Journal  of  the  Royal  Sanitary  Institute  for  1907.  It  is  beginning 
to  appear  with  us.  For  example :  A  few  weeks  ago  I  was  visited 
by  the  agent  of  one  skyscraper  complaining  of  a  neighboring  build- 
ing. Brother  Bird  had  forced  a  proper  fire  box  into  the  building 
complained  of.  ihere  was  no  smoke.  But  there  was  a  colorless 
gas  which  stifled  those  into  whose  office  windows  it  blew. 

Smoke  carbon  is  probably  as  little  harmful  as  any  solid  wdiich 
can  be  taken  into  the  human  body.  It  is  quite  inert  chemically. 
Physically  it  irritates  but  little.  The  harm  that  it  does  is  that  it 
transports  bacteria  and  secures  entrance  for  them  where  alone  they 
would  be  repulsed.  In  bacteriology  we  have  an  illustration  of  this 
principle  in  tetanus,  which  affects  much  more  uniformly  in  mixtures 
than  it  does  alone.  In  physics  we  have  the  sludge  filtration  methods 
of  water  purification. 

Sulphur  compounds  are  very  objectionable  and  probably  more 
harmful.  Probably  before  long  our  dense  smoke  ordinances  will 
be  changed  so  as  to  add  to  the  carbon  control  other  provisions  wdiich 
will  control  sulphur  compounds.  Possibly,  also  combustion  experi- 
ments will  likewise  be  directed  more  to  the  solution  of  the  sulphur 
problem. 

Alarkel  suggests  that  sulphur  has  something  like  a  ferment 
action  in  the  air  in  that  it  tends  to  be  automatically  renewable.  He 
says  sulphurous  acid  falls  on  iron  and  is  at  once  oxidized  into  sul- 
phuric acid.  It  corrodes  the  iron  and  makes  ferrous  sulphate.  This 
picks  up  oxygen  from  the  air  and  makes  basic  ferric  sulphate.  This 
picks  up  iron  and  makes  ferrous  sulphate  and  iron  oxide.  The  rust 
drops  oft',  and  a  new  sulphur  cycle  is  started.  Rideal  found  that 
white-washed  walls  were  of  great  service  where  gas  was  burned 
as  the  lime  took  up  the  sulphur  from  the  air.  Amounts  of  sulphur 
found  in  the  air  at  different  analyses  are:  London  (Rideal)  .015  to 
0.77  grams  per  100  cu.  ft.  The  same  at  Manchester.  At  Kew  an 
analysis  of  dust  from  an  exposed  surface  showed  2  per  cent  sul- 
phur.    Other  figures  for  sulphur  are :     Cohen  and  Heffort  say  that 
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for  lOO  lbs.  of  sulphur  in  coal  71.78  lbs.  will  go  off  as  sulphur 
gases;  14.51  lbs.  will  be  absorbed  by  the  soot  and  escape  with  it  and 
ij^.71  lbs.  will  remain  in  the  ash.  In  London  each  day  981  792  lbs. 
of  sulphur  is  poured  into  the  air  from  coal"  consumption  ;  from  gas 
893  lbs.,  from  mineral  oils  743  lbs. 

In  Glasgow  and  Manchester  20  tons  of  sul])hur  escape  daily  in 
the  smoke. 

Fats  and  oils  are  of  increasing  importance  from  the  standpoint 
of  air  pollution.  In  this  the  automobile  is  a  bad  offender.  Indirect- 
ly the  oiling  of  the  streets  which  has  come  about  through  the 
influence  of  the  automobile  has  added  to  the  proportion  of  oils  and, 
fats  in  the  air.  Cohen  says  that  in  Leeds  15  per  cent  of  the  soot 
is  mineral  oil.  This  is  less  than  the  Chicago  figures.  Fats  and  oils 
probably  harm  health  in  the  same  indirect  way  as  does  carbon  bur 
in  a  lesser  measure.  This  mav  not  be  true  of  gasoline  and  the 
products  of  incomplete  gasoline  combustion. 

COo  and  CO :  The  present  tendency  is  to  believe  that  we  can 
stand  much  higher  percentages  of  CO^,  than  are  ever  found  in  the 
outside  air.  That  the  devastating  waves  that  follow  volcanic  erup- 
tions are  due  to  CO,  to  sulphur  gases,  and  to  other  gases  and  not  to 
CO^.  CO  is  directly  toxic.  COg  is  depressent  and  remotely  toxic 
and  therefore  for  both  of  these  reasons  it  is  harmful.  It  does  not 
kill  in  one  whiff  in  any  concentration.  Neither  does  a  child  get  a 
complete  education  in  five  minutes  in  a  grammar  school.  Some 
figures  are — Schafer  says  that  London  pours  1000  000  tons  of  CO.. 
into  the  air  each  day  as  smoke.  Every  ton  of  completely  consumed 
coal  pours  about  three  tons  of  CO,  and  CO  into  the  air. 

The  volume  of  dirt  which  will  deposit  from  the  air  ranges  from 
I  to  6  tons  per  acre  per  year,  according  to  the  location  with  regard 
to  smoke  and  dust  producers.  It  ranges  broadly  in  quality.  Near 
a  boulevard  it  is  rich  in  oils ;  near  a  brick  kiln  or  a  factory  or  loco- 
motive yards  it  is  rich  in  sulphur  and  in  carbon  monoxide.  Near 
an  elevated  road  it  is  rich  in  iron. 

T  low  else  does  it  do  harm  ? 

1st.  It  kills  vegetation.  Rough  equilibrium  between  animal 
and  vegetable  life  is  required  to  maintain  atmospheric  chemical 
equilibrium.  Our  2^4  million  people  huddled  on  a  few  square  miles 
-—at  places  living  300  to  the  acre — need  trees  and  grass.  Our  soil 
is  .sandy  and  poor ;  it  is  drained  dry.  It  is  covered  by  roofs  and 
paving.  \>getation  at  best  has  a  hard  time.  Smoke  stops  up  its 
l)ores  with  carbon  and  with  oil.  The  oil  picks  up  other  dirt.  The 
SO.  poisons  when  it  exceeds  one  part  in  one  million.  ^lany  kinds 
of  vegetation  will  not  live  at  all  times  without  washing,  and  groom- 
ing trees  is  expensive. 

2nd.  It  decreases  sunlight.  Sunlight  is  needed  to  kill  bacteria 
and  to  purify  the  air.  It  adds  to  the  cost  of  lighting.  The  St. 
James  C.azcttc  says  that  smoke  costs  London  $73,000  a  dn\  for  ex- 
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tra  lighting  bills.  Such  figures  are  little  better  than  guesses.  Aside 
from  the  money,  these  extra  lights  add  to  the  harm  of  smoke  to 
health. 

3rd.  It  assists  the  formation  of  fogs.  The  air  heavy  with 
suspended  solids  becomes  surcharged  with  moisture  and  this  is  fog. 
Fogs  are  disease  breeders. 

4th.  There  are  wastes  aside  from  direct  health  matters  which 
are  of  consequences. 

(a)  The  loss  of  fuel  values;  the  large  economics  of  this  you 
are  engaged  in  working  out. 

(b)  The  lavmdry  cost  of  smoke  is  enormous. 

(c)  The  loss  to  non-washing  clothes,  in  stores  and  out,  is 
very  great. 

(d)  The  increased  painting  and  whitewashing  expense  is  very 
great ;  paint  is  made  dingy  and  is  renewed,  whitewash  becomes 
gysum  and  no  longer  looks  white.  In  coal  districts  it  is  cheaper  to 
let  the  weather  destroy  the  wood  than  to  try  to  protect  it  with  paint 
or  whitewash. 

(e)  Metal  structures  are  corroded  by  the  sulphur  gases  and 
other  gases  with  free  bonds. 

(f)  Wooden  work  is  less  durable  as  well  as  less  sightly. 

(g)  Property  values  of  adjacent  properties  are  lowered  often- 
times to  a  non-productive  basis. 

(h)      It  serves  to  lower  the  general  tone  of  a  community. 

A  spotless  town  is  more  apt  to  be  moral  than  a  dirtv  town.  It 
is  useless  to  try  to  get  a  spotless  town  and  leave  the  smoke.  If 
the  air  is  dirty  it  is  very  hard  to  get  the  streets,  the  yards,  the 
clothes,  the  people  clean. 
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thp:  cooperatiox  of  practical  and  scientific 

MEN.* 


G.  W.  Trai-r. 
Representing  the   Illinois   Coal  Operators. 


it  is  a  sincere  pleasure  to  me  to  acknowledge,  on  behalf  of  the 
mine  owners  of  Illinois,  the  obligations  of  humanity  to  the  men 
whose  efforts  have  made  it  possible  that  this  great,  civilized.  Chris- 
tian, work  shall  be  carried  on  here,  and  whose  time  and  thoughts 
are  being  given  to  it. 

Illinois  is  to  be  congratulated  upon  the  proprietorship  of  a 
University  so  situated  that  it  is  chosen  by  the  federal  government 
to  participate  in  a  work  of  this  kind,  and  with  a  University  organ- 
ization qualified  and  eager  to  do  so  in  the  interest  of  humanitv. 

Special  danger  of  injury  and  death  never  can  be  entirely  elimin- 
ated from  coal  mining  and  many  other  industrial  occupations.  But 
such  danger  is  multiplied  by  ignorance,  indift'erence  and  lack  of 
foresight ;  or  it  may  be  vastly  lessened  by  research  and  application 
and  unreserved  cooperation  on  the  part  of  those  whose  duty  it  is  to 
think  and  apply,  with  those  who  think  and  experiment.  Our  modern 
civilization  is  equally  distinguished  by  a  wholesome  regard  for  lives 
and  happiness  of  all  human  beings  and  by  its  profound  scientific 
achievements  directed  towards  the  same  end. 

We  are  here  today  to  witness  the  dedication  of  a  work  of  scien- 
tific research  to  that  end.  And  although  we  may  well  realize  how 
much  remains  to  be  done,  we  are  justified  in  a  feeling  of  confidence 
when  we  refiect  upon  the  achievements  of  science  in  the  past.  Sev- 
enty-two years  ago  Macaulay  wrote  his  great  essay  on  Lord  Bacon, 
who  was  the  prophet  and  the  apostle  of  the  practical  sciences,  as  we 
now  know  them.  Bacon  had  been  dead  more  than  two  hundred 
years  when  Macaulay  wrote  this  brilliant  eulogy  on  the  practical 
results  of  what  had  once  been  called  the  new  thought,  and  which, 
in  advance  of  actual  achievement,  many  people  had  considered  to 
be  merely  theoretical,  just  as  many  people  consider  all  new  thoughts 
today.  The  record  of  the  achievements  of  two  hundred  years  was 
easily  recognized  b}'  IVIacaulay  to  be  without  parallel  in  the  past, 
when  he  wrote  these  words:  '"Ask  a  follower  of  Bacon  what  the 
new  philosophy,  as  it  was  called  in  the  time  of  Charles  the  Second, 
has  eff'ected  for  mankind,  and  his  answer  is  ready:  It  has  length- 
ened life.  It  has  mitigated  pain.  It  has  extinguished  disease.  It 
has  increased  the  fertility  of  the  soil.  It  has  furnished  new  arms 
to  the  soldier.     It  has  given  new  securities  to  the  mariner.     It  has 
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spanned  great  rivers  and  estuaries  with  bridges  of  a  form  unknown 
to  our  fathers.  It  has  guided  the  thunderbolt  innocuously  from 
heaven  to  earth.  It  has  lighted  up  the  night  with  splendor  of  day. 
It  has  extended  the  range  of  human  vision.  It  has  multiplied  the 
power  of  the  human  muscles.  It  has  accelerated  motion.  It  has 
annihilated  distance.  It  has  facilitated  intercourse,  correspondence, 
all  friendly  offices,  all  dispatch  of  business.  It  has  enabled  man  to 
descend  into  the  depths  of  the  sea,  to  soar  into  the  air,  to  penetrate 
securely  into  the  noxious  recesses  of  the  earth,  to  traverse  the  land 
in  cars  whirled  along  without  horses,  and  the  ocean  in  ships  that 
run  ten  knots  an  hour  against  the  wand. 

These  are  but  a  part  of  its  fruits  and  of  its  first  fruits.  For 
it  is  a  philosophy  that  never  rests,  which  has  never  attained,  is 
never  perfect.  It  law  is  progress.  A  point  which  yesterday  was 
invisible  is  its  goal  today  and  will  be  its  starting  point  tomorrow." 
When  these  words  were  written  no  doubt  there  were  many 
thinking  people  to  whom  this  record  seemed  impossible  of  duplica- 
tion, even  if  it  did  not  to  Macaulay. 

And  yet  at  that  time  the  first  practical  steam  engine  had  been 
used  but  little  longer  than  the  Bell  telephone  of  today  has  been  in 
practical  use ;  the  first  steamboat  was  no  older  than  electric  lights 
now  are ;  the  Morse  electric  telegraph  was  as  much  a  novelty  as 
wireless  -telegraphy  now  is,  and  travel  by  railroad  was  but  a  few 
years  in  advance  of  the  aerial  navigation  of  today. 

Antiseptics  and  anti-toxins  were  among  Macaulay's  invisible 
points  and  a  demonstration  of  radio-activity  would  have  been  gen- 
erally regarded  as  a  manifestation  of  the  Evil  One. 

Nearly  all  great  scientific  discoveries  have  been  made  by  men 
who  dreamed  and  experimented,  rather  than  by  those  who  were 
working  solely  for  practical  results ;  but  their  practical  application 
largely  has  been  made  by  the  latter  class.  Sire  Humphrey  Davy 
invented  a  safety  lamp,  but  the  lamp  has  to  be  carried  by  the  man 
who  works  in  the  mine  and  who  must  be  taught  how  to  use  it  with 
safety.  Safety  helmets  have  been  invented  by  men  versed  in  scien- 
tific knowledge,  but  the  helmets  must  be  worn  by  the  heroes  who 
risk  their  lives  for  their  fellow  men,  and  they  must  be  trained  in  this 
use,  for  their  own  safety.  The  establishment  of  this  Relief  Station 
is  a  great  humane  work  by  men  of  science ;  but  the  success  wdll 
depend  upon  the  men  who  are  to  be  trained  in  it.  Only  by  unre- 
served and  ungrudging  cooperation  of  the  practical  and  the  scientific 
can  it  be  hoped  to  secure  those  results  which  we  all  desire  and  hope 
to  see. 

For  the  mine  owners  of  Illinois,  I  welcome  and  accept  the  pro- 
ferred  assitance  in  the  discharge  of  our  duty  to  humanitv.  and  dare 
to  hope  that  it  may  mark  the  beginning  and  be  one  of  the  important 
elements  of  a  new  era  in  the  conservation  of  human  life  and  happi- 
ness in  the  coal  mines  of  our  great  state. 
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THE  MINE  RESCUE  STATION  AT  URBANA. 


A.  C.  Ykhling,  E.  E.  "09. 


Illinois  next  to  Pennsylvania,  is  the  greatest  coal-producing 
state  in  the  Union.  It  is  appropriate,  therefore,  that  Illinois  should 
be  deeply  interested  in  the  problems  met  in  mine  operation,  and 
especially  in  those  problems  relating  to  the  safety  of  the  men  em- 
ployed. In  connection  with  the  Illinois  Fuel  Conference,  held  at 
the  University,  March  eleven  to  thirteen,  a  Station,  founded  for 
the  purpose  of  offering  (sympathetic  study  of  mine  explosions)  and 
systematic  training  of  men  for  mine  rescue  work,  was  formally 
opened.  The  Urbana  Station  is  the  second  institution  of  its  kind 
in  the  United  States,  and  is  the  first  established  at  a  University.  It 
is  to  be  maintained  by  the  United  States  Geological  Survey,  together 
with  the  Illinois  State  Geological  Survey,  and  the  University  of 
Illinois. 

The  "home"  Station,  at  Pittsburg,  has,  since  its  establishment, 
been  devoting  the  major  portion  of  its  time  to  the  specific  study  of 
mine  explosions — analyses  of  coals  and  gases.  The  Urbana  Station 
will  concentrate  more  of  its  attention  upon  the  rescue  of  men  over- 
come in  mine  disasters.  During  the  visit  of  the  mine  operators  and 
mining  engineers  to  the  Fuel  Conference,  J\Ir.  R.  Y.  Williams,  who 
is  in  charge  of  the  Station,  gave  some  very  interesting  demonstra- 
tions in  the  use  of  the  new  oxygen  helmets  and  resuscitating  appar- 
atus. 

The  e([uipment  of  the  Station  includes  the  most  recent  inven- 
tions, and  it  is  surprising  to  a  novice  to  discover  the  degree  of  per- 
fection reached  in  some  of  these  devices.  A  few  of  the  pieces  of 
apparatus  ma}'  be  named  : 

( 1 )  Four  Draeger  Oxygen  Helmets,  and  recharging  apparatus 

(2)  One  Draeger  Resuscitating  Case. 

(3)  Four  Hubbel  Electric  Portable  Safety  Lamps. 

(4)  One  Portable  Orsatt  Outfit  for  Quantitative  Analysis  of 

Mine  Gases. 

(5)  One  "Smoke  Room." 

The  Oxygen  helmets  are  constructed  of  metal,  and  look  much 
the  same  as  the  helmets  worn  by  deep-sea  divers.  There  is  not  the 
necessity  here  for  making  the  helmets  heavy  and  water-tight,  hence 
they  are  made  to  fit  tightly  only  over  the  face,  with  I'ust  a  small 
portion  of  the  shell  to  cover  the  top  of  the  head.  A  perfect  "fit" 
for  various  sizes  of  faces  is  obtained  by  inflating  a  thin  rubber 
lining,  at  the  edges  of  the  helmet;  it  is  thus  that  the  poisonous  gases 
in  the  mine,   following  an  explosion,  are  excluded   from  the  face. 


Yehunx — Rescue  Station. 


123 


The  fresh  oxygen  necessary  to  the  wearer  is  snppHed  to  the  hehnet 
through  tubes  leading  from  two  small  steel  drums  strapped  to  the 
back.  These  drums  are  about  four  inches  in  diameter  and  ten  inches 
long,  and  contain  oxygen  at  a  pressure  of  about  one-hundred  and 
fifty  atmospheres — over  a  ton  to  the  square  inch — sufficient  in  quan- 
tity to  last  two  hours.  A  small  pressure  gage  fastened  on  the  breast 
of  the  wearer  indicates  the  amount  of  oxygen  in  the  drums  at  any 
time,  and  is  also  calibrated  to  read  on  another  scale  the  number  of 
hours  the  supply  of  oxygen  should  reasonably  last.  This  allows 
the  necessary  precautions  to  be  taken  by  the  wearer  in  allowing  time 
to  return  to  the  mouth  of  the  mine  for  fresh  recharging  of  the  drums. 
The  reason    for  the   great   length   of   time   which    these   small 
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quantities  of  oxygen  will  last  may  be  explained :  Common  out-door 
air  contains,  roughly,  80%  nitrogen,  and  20%  oxygen.  The  breath 
exhaled  by  a  person  contains,  however,  besides  nitrogen  and  oxygen, 
about  5^%  of  carbon-dioxide,  wdiich  is  poisonous.  With  the 
Draeger,  oxygen  helmets  the  carbon  dioxide  is  freed  from  the  other 
portion  of  the  breath,  thus  allowing  continuous  breathing  of  the 
same  air — that  is,  with  just  sufficient  oxygen  added  from  the  stor- 
age drums  to  give  the  necessary  2070.  The  carbofi  dioxide,  passing 
through  bottles  of  potassium  hydroxide,  which  are  strapped  on  the 
back  with  the  oxygen  drums,  unites  with  that  chemical,  giving  po- 
tassium carbonate. 
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To  recharge  the  oxygen  drums,  they  are  connected  to  large 
storage  drums,  such  as  come  (Hrectly  from  the  factory,  and  with 
the  valves  opened,  receive  the  compressed  oxygen  at  the  high  stor- 
age pressure.  The  recharging  requires  very  little  time,  so  that  a 
rescue  force  of  men  may  work  with  very  few  interruptions  after 
it  has  reached  the  scene  of  the  explosion  in  the  mine.  The  Hubbel 
portable  safety  lamps  are  constructed  of  aluminum,  to  give  as  little 
weight  as  possible ;  the  light  is  supplied  from  a  small  incandescent 
lamp,  running  on  current  from  a  small  storage  cell.  As  an  extra 
precaution  a  duplicate  bulb  and  cell  are  provided  in  the  lamp  in  ■ 
case  the  first  set  should  burn  out.     These  Hubbel  safety  lamps  are 
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SO  attractive  that  the  Station  operators  have  much  to  do  while  at  a 
coal  mine  to  see  that  they  are  not  stolen. 

Among  the  necessary  equipment  for  a  hasty  call  to  any  mine 
disaster  is  the  Orsatt  Outfit  of  cheniicals  for  making  analvsis  of  the 
mine  gases.  The  analyses  are  made  before  heavv  reconstruction 
or  rescue  work  is  attempted.  Samples  of  the  mine  "ases  are  first 
obtained  for  various  sections  of  the  mine,  and  by  submitting  these 
samples  to  chemical  tests  on  the  spot  the  percentages  of  carbon- 
dioxide  and  carbon  monoxide  may  he  determined,  and  the  safety 
of  the  mine  known. 

The    "smoke    room"    is    a    gas-tight    building,    of    dimensions 
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I2'x25'xi2',  located  in  the  ^Mechanical  Engineering  Laboratory 
building.  The  interior  is  fitted  up  with  heavy  beams  and  low-pass- 
age-ways, similar  to  the  construction  of  an  actual  mine.  Sulphur 
may  be  burned  in  the  room,  producing  conditions  similar  to  those 
found  after  actual  mine  disasters.  A  dummy  of  a  man  offers  an 
opportunity  for  practice  at  resuscitation  of  victims. 

The  men  under  training  at  the  Station,  after  putting  on  their 
helmets  and  oxygen  apparatus,  enter  the  room,  which  is  filled  with 
the  sulphur  fumes.  After  being  walked  around  the  room,  and  over 
various  obstacles,  they  finally  arrive  "at  the  scene  of  the  disaster." 
There  they  practice  at  carrying  the  dummy  about  on  the  stretcher, 
resort  to  artificial  respiration  to  resuscitate  him,  and  are  trained  in 
other  incidents  of  routine  work.  The  practice  of  this  sort  is  for  the 
purpose  of  making  the  men  accustomed  to  the  helmets,  so  that  any 
unexpected  squeak  or  pinch  will  not  frighten  them.. 

Several  mine  operators  and  mine  bosses  have  already  taken  ad- 
vantage of  the  services  offered  by  the  Urbana  ]\Iine  Rescue  Station, 
and  have  taken  training  in  the  use  of  the  new  apparatus.  The  serv- 
ice is  to  be  rendered  gratuitiously ;  and  it  is  hoped  that  the  in- 
fluence exerted  by  the  Station  in  causing  mine  operators  and  inspec- 
tors to  become  interested  in  the  economic  value  of  these  appliances 
as  part  of  the  normal  equipment  of  mines  may  be  extended  over 
Illinois,  Indiana,  Kentucky,  Missouri,  Iowa,  and  other  neighboring 
states. 
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KDITORIAL. 

"Smoke  and  the  Public  Health"  may  seem  out  of  place  as 
the  title  of  an  article  in  The  Technogkapii,  but  we  believe  a  little 
consideration  will  convince  the  reader  of  its  appropriateness.  As 
our  civilization  grows  more  complex,  the  yield  of  the  technical  man 
is  constantly  broadening.  j\Iatters  fifty  years  ago  were  decided  by 
the  Town  Council  or  the  state  legislature  with  comparatively  short 
discussion  ;  now  public  questions  are  referred  to  experts  and  boards 
of  examiners. 

So  the  safeguarding  of  the  public  health  has  passed  thru  the 
stage  of  brief  discussion  and  arbitrary  action  and  is  regarded  as 
deserving  careful  investigation  by  trained  experts.  Xot  only  doc- 
tors and  scientists,  but  engineers,  are  called  upon  to  subtract  as  much 
as  is  possible  from  the  dangers   surrounding  the  life  of  man. 


Two  great  national  movements  of  recent  years  have  brought 
into  prominence  the  work  of  the  engineer.  These  are  the  agitation 
in  favor  of  a  great  inland  deep  waterway,  and  the  awakening  to  the 
need  of  conserving  our  national  resources.  In  a  broad  way  they 
both  deal  with  the  subject  of  conservation.  In  spite  of  America's 
great  natural  wealth,  the  time  has  come  when  strenuous  efforts  must 
be  directed  toward  economy  and  efiiciency  of  production  in  order 
that  we  shall  not  some  day  find  our  resources  exhausted  and  our 
prosperity  at  an  end.  Probably  the  question  of  most  importance 
to  the  public  in  the  next  decade  will  be  this  one  of  conservation. 


As  a  spe'cialist  in  manufacturing  and  transportation  the  en- 
gineer w'ill  necessarily  have  much  to  do  with  this  subject  of  con- 
servation. His  opinion  has  come  to  have  considerable  weight,  and 
the  nature  of  the  subjects  gives  him  excellent  opportunities  to  make 
his  work  of  lasting  public  benefit.  The  greatest  problems  of  the 
day  are  given  to  him  for  solution ;  the  safety  of  public  travel,  im- 
proved methods  of  communication,  pure  water  supply  for  our  cities, 
the  prevention  of  accidents  in  factories  and  mines,  the  transportation 
problem  in  congested  centers,  and  the  conservation  of  our  natural 
resources. 

No  doubt  there  are  fields  as  yet  undeveloped  in  which  the  en- 
gineer will  play  as  important  a  part  as  he  does  now  in  transporta- 
tion or  mining.  S])ecialization  is  the  order  of  the  day,  and  in  the 
next  ccntvu\v  the  place  of  the  engineer  must  be  of  increasing  im- 
portance, lie  is  the  great  industrial  doctor,  and  his  skill,  his  knowl- 
edge, and  his  professional  honor  are  quite  as  important  to  the  in- 
dustrial world  as  are  those  of  his  physician  to  each  individual. 
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The  often-discussed  question  of  making  The  Technograpii  a 
quarterly  or  a  monthly  rises  again  this  year.  Aside  from  the  ques- 
tion of  finances,  there  is  only  one  real  difficulty :— that  of  lack  of 
organization.  Before  a  quarterly  can  be  successfully  published  the 
efifort  should  be  made  to  unite  more  closely  those  interests  behind 
The  Technograph.  At  present  the  Board  is  too  far  removed 
from  the  Societies  and  the  Societies  are  too  distinct  and  too  loosely 
held  together  for  that  cooperation  so  desirable  in  such  an  under- 
taking as  the  publication  of  a  quarterly. 

-  The  Board  itself  is  little  more  than  a  name.  The  book  has 
generally  been  published  by  the  editor  and  the  business  manager, 
with  such  assistance  as  the  other  members  could  give.  This  is  not 
because  more  assistance  was  not  offered,  but  because  with  the 
looseness  of  organization  it  seemed  easier  to  go  ahead  and  do 
things  than  to  hunt  up  some  one  else.  Greater  division  of  work . 
is  easily  possible,  and  would  help  in  more  ways  than  one.  If  the 
juniors  on  the  Board  could  be  given  more  responsibility  under  the 
seniors,  a  new  year  would  not  find  the  Board  entirely  unprepared 
for  its  work. 

We  confess  this  is  largely  our  own  fault,  and  the  matter  is 
given  this  much  publicity  only  because  a  little  more  attention  to 
The  Technograph  by  the  Societies  would  encourage  the  Board 
to  a  better  organization  and  srreater  effort. 
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During  the  second  semester  there  has  been  formed  at  the  Uni- 
versity a  section  of  the  American  vSociety  of  Mechanical  Engineers. 
Fifty- four  men  appHed  for  membership,  and  eleven  faculty  men 
were  made  honorary  members.  Dean  W.  F.  M.  Goss  is  the  hon- 
orary chairman,  and  the  other  officers  are  as  follows:  President, 
W.  F.  Colema^i ;  vice-president,  F.  E.  Sperry ;  secretary,  S.  G. 
Wood ;  treasurer,  D.  Rugg. 


THE  ARCHITECTS'   CLUB. 

The  officers  of  the  Architects'  Club  for  the  first  semester  were : 
President,  W.  H.  Schulzke ;  vice-president,  H.  S.  Horner ;  secre- 
tary, Louise  Pellens ;  treasurer,  Ramon  Schumacher.  For  the  sec- 
ond semester  they  were :  President,  Ben  Horn ;  vice-president,  O. 
E.  McBride ;  secretary,  H.  J.  Rieger ;  treasurer,  A.  E.  Bramhall. 


THE  ELECTRICAL  EXGINEERING  SOCIETY. 

The  officers  of  the  society  for  the  first  semester  were:  Pres- 
ident, P.  M.  Farmer ;  vice-president,  E.  D.  Doyle ;  secretary,  W.  B. 
Worsham;  treasurer.  B.  M.  Beach;  librarian,  H.  S.  Thayer.  For 
the  second  semester  the  following  men  served :  President,  C.  S. 
Pope ;  vice-president,  R.  E.  Doherty ;  secretary,  B.  C.  J.  Wheatlake ; 
treasurer,  E.  H.  Bailey ;  librarian.  H.  S.  Thayer.  For  the  first  sem- 
ester of  next  year  H.  M.  Turner  will  be  the  president,  and  the  new 
Technograph  men  are  D.  A.  Pierce,  '10,  and  Keene  Richards,  "11, 
E.  D.  Doyle.  '10  remaining  on  the  board  from  this  year.  During 
the  first  semester  the  society  heard  the  following  lectures : 

The  Electrification  of  the  St.  Clair  Tunnel,  by  F.  A.  Sager ;  the 
Building  of  an  Interurban  Railway,  by  Prof.  Matthews,  of  Purdue 
University ;  The  Training  of  the  Electrical  Engineer,  by  L.  A.  Fer- 
guson. During  the  second  semester  no  lectures  were  given  and  only 
one  meetintr  held. 


MECHANICAL  ENGINEERING   SOCIETY. 

The  professional  program  carried  out  during  this  current  school 
year  was  as  follows:  "Steam  Turbines,"  by  Prof.  J.  C.  Thorpe. 
Assistant  Professor  of  Alechanical  Engineering;  "Power  Plants." 
by  Mr.  G.  M.  Brill.  M.  \V.  S.  E.,  Consulting  Engineer;  "Indicators," 
by  Prof.  L.  P.  r>reckenridge.  head  of  the  Mechanical  Engineering 
Department;  "The  Engineer.  His  College  Training,  Is  it  Satisfac- 
tory?" by  Prof.  F.  D.  Crawshaw,  Assistant  Dean  of  Engineering; 
"Cranes."  by  Prof.  O.  A.  Leutwiler,  Assistant  Professor  of  Mechan- 
ical Engineering;  and  "Apprentice  Systems,"  by  Mr.  E.  I.  Wenger 
of  the  department  of  Railway  Engineering  and  ]Mr.  K.  G.  Smith 
of  the  dcj)artnient  of  ^vFechanical  Engineering. 
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In  addition  to  this,  two  student  programs  worthy  of  note  were 
given.  The  first,  on  "Air  Brakes,"  which  a  complete  equipment 
for  an  engine  and  one  freight  car  was  in  actual  operation,  was 
given  by  H.  C.  Krannert,  '12,  W.  R.  Hanes  '10,  I.  S.  Wood,  '10, 
and  W.  F.  Coleman,  '10.  The  second,  on  "Pneumatic  Tools" 
was  given  by  J.  C.  Parmalee,  G.  A.  Cooper,  W.  M.  Haskell,  and 
F.  E.  Sperry  all  of  the  Junior  class.  Several  section  models  of 
tools  were  imported  from  Aurora  for  this  lecture.  Since  the  in- 
auguration of  student  programs  the  membership  of  the  society 
has  more  than  doubled. 

An  important  change  in  the  constitution  was  made  the  last 
meeting  in  January  and  provided  that  the  president  and  treasurer 
be  elected  for  two  semesters,  the  term  to  commence  with  the  second 
semester.  This  was  done  to  prevent  the  loss  of  records  during  the 
summer  months  and  to  have  good  programs  the  first  semester  when 
it  is  easier  to  obtain  large  audiences.  The  first  officers  to  be  elected 
under  this  regime  were  D.  C.  Patton,  President,  and  I.  B.  Altekruse, 
Treasurer. 

In  the  early  part  of  the  year  a  smoker  was  held  in  the  new 
Y.  M.  C.  A.  building  and  an  enjoyable  time  was  had  by  all  present. 
Another  one  is  to  be  given  the  thirty-first  of  Mav  in  Hessel  Hall 
in  Champaign  and  is  to  be  in  the  nature  of  a  farewell  to  Prof. 
Breckenridge.     A  large  and  enthusiastic  crowd  is  expected. 


CIVIL  ENGINEERS'  CLUB. 

The  C.  E.  Club  for  1908-1909  elected  R.  C.  Wagner  president; 
C.  S.  Stewart  vice-president ;  W.  T.  McClenahan,  secretary,  all  '09 
men,  and  C.  E.  Beveridge,  '10.  treasurer.  President  Wagner  ap- 
pointed R.  O.  Beck  chairman  of  the  program  committee  who  at  once 
began  a  vigorous  campaign  for  speakers.  It  seemed  impossible  to 
get  outside  men  until  the  months  of  January  and  February.  During 
these  months  the  club  listened  to  addresses  by  Mr.  Jordan  of  the 
Burlington.  C.  W.  Bovnton  of  the  Universal  Portland  Cement  Co., 
W.  H.  Findley,  W.  D. 'Taylor  of  the  Chicago  &  Alton,  P.  E.  Green 
and  Mr.  Henry  of  the  Engineering  News.  These  lectures  were  all 
well  attended,  in  some  cases  the  room  was  crowded  so  that  many 
had  to  stand. 

For  the  second  semester  R.  O.  Beck  was  elected  president,  K. 
H.  Talbot,  vice-president,  H.  Burgess,  secretary,  A.  H.  Hunter, 
treasurer,  and  G.  W.  Russell  sergeant-at-arms.  All  of  these  mtr 
are  '09  men.  The  membership  numbers  something  over  ninety  men. 
The  strange  part  of  the  membership  is  that  the  majority  are  drawn 
from  the  senior  class. 

The  culb  held  its  annual  smoker  in  Hessell  Hall  which  was 
very  well  attended.  D.  G.  Bevis  had  charge  of  the  aft'air.  Prof. 
Baker,  Dufour,  Malcom,  Brook  and  Sanborn  each  gave  a  short 
talk.     Several  of  the  seniors  also  were  called  on. 
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Candidates  for  the  Degree  of  Bachelor  of  Science, 
department  of  civil  engineering. 

Henry    Conrad    Ackemann Comparative      Tests      of      Railway      Tie 

Plates. 

Frank    Bovd    Baldwin A     Recording     x^evice     for     Indicating 

(a)  The    Flow   of   Water   in   Pipes, 

(b)  The    Speed    of    Boats. 

Frank    Fairwell    Beeby A   Comparison    of   the    Efficiencies    of   a 

Two-Hinged  and  a  Three-Hinged 
Steel    Arch. 

Rodney    Linton    Bell Tunnel    Timbering   and   Lining. 

Daily    George    Bevis An     Investigation    of    the    Engineering 

and  Economic  Phases  of  the  Reduc- 
tion to  a  Specific  jfculing  Grade  of  the 
Illinois  Central  Railroad  by  the 
Method  of  Reduction  in  Place. 

Charles    Emery    Bressler,    Jr Tests  of  Concrete  and  Reinforced  Con- 
crete  Wall  Footings. 

Avery    Brundage    Detailed    Study      of      Specifications    for 

Steel    Bridges. 

George    Francis    Burch Tests   of   Plain   Concrete   Columns. 

Harry    Holdridge    Burgess Yard  Fire  Protection  of  the  University 

of  Illinois  Buildings. 

Hervey    Richey    Cawood Detailed     Study     of     Impact     in      Steel 

Bridges. 

Ray    Arthur    Collins Effect    of    Moving    L^ads    on    Highway 

Bridges. 

Frank    Samuel    Cook Influence    of  Lime    on   the   Permeability 

of   Concrete. 

George    Delwin    Corwine Tests   of  Longitudinal    Reinforced   Con- 
crete  Columns. 

Fred    Dwight    Danford Wood  Block  Pavements. 

Homer    Roscoe    DeWitt Tests   of  Logitudinally  Reinforced   Spi- 
ral-hooped  Concrete    Columns. 

Wilbur    Lawrence    Dunn Tests    of   Concrete   Columns   Reinforced 

with   Latticed   Steel   Angles. 

John    David    William    Froehlich Tests    of    Reinforced    Concrete    Beams: 

Resistance    to    Web    Stresses. 

Franklin    Theodore    Heyle Comparative    tests    of    Sands    from    Pe- 
oria.   Illinois. 

Oscar     George    Hively A    Recording    Device    for    Indicating 

(a)  The    Flow    of    Water    in    Pipes, 

(b)  The    Speed    of    Boats. 

Nels     Reuben    Hjort Tests  of  Concrete  and  Reinforced   Con- 
crete   Wall    Footings. 

Fred    Nelson    Holmquist Tests    of    Logitudinal    Reinforced    Con- 
crete Columns. 

John    Vernon    Houston Wood   Preservation. 

Curtis    Clay    Hubbart Causes  of  Defects  and   Deterioration   in 

Asphalt   Pavements." 

Alfred     Hughllyn     Hunter Relation   of  the  Density  to  the  Permea- 
bility  of   Concrete. 
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George    Martin    Aloysius    Ilg- Economic      Study      of      Steel      Trussed 

Roofs. 

Cliarles  Austin  James Tests  of  Spiral-liooped  Concrete  Col- 
umns. 

George    Leonard    Jensen Tests   of   Concrete    Columns    Reinforced 

with   Latticed   Steel   Angles. 

AVilliam  Cliance  Johnson Description  and  Criticism  of  the  Three- 
arch  Masonry  Bridge  on  the  Cleve- 
land, Cincinnati,  Chicago  &  St.  Louis 
Railway  over  Big  Creek  near  Mar- 
shall,  Illinois. 

Myron    Kendall    Jordan    Influence    of   Soap    and    Alum    Solutions 

on    the    Permeability    of    Concrete. 

Amund    Marius    Korsmo Measurement    of    Water    by    Means    of 

Vertical    Jets. 

Chris    Herman    Kreiling The  Development  of  the  Mason   &  Cass 

River    Drainae^e    District. 

George  Pence  Large Plans  and  Estimates  for  the  Separa- 
tion of  the  Grades  of  the  Illinois 
Central  Railroad  Company  and  the 
Cleveland.  Cincinnati,  Chicago  &  St. 
Louis  Railroad  Company  at  Cham- 
paign, Illinois. 

Walter  Coutant  Locke Density  and  Strength  of  Portland  Ce- 
ment Mortar. 

Charles    Edward    McCool Nozzle   Piezometer    Tests. 

Lewis    Vinton    Manspeaker,    Jr Improvement  of  Illinois  Highways. 

Daniel     Marsh      Survey      and      Computation      of     Nixon 

Township  Special  Drainage  District, 
Weldon    Illinois. 

Frank     Stanley     Musser Tests  of  Flexural  Strength  of  Concrete. 

Thomas    Douglas    Mylrea    Effects    of   Moving    Loads    on    Highway 

Bridges. 

Frederick  Bowman  Nicodemus Investigation  of  a  Through  Plate  Gir- 
der Railroad    Span. 

John  Ira  Parcel,  A.  B.    (Westfleld 

College),     1903 Concrete    Floors   for   Highway   Bridges. 

Ira    Pearce    Plans  and  Estimates  for  the  Separation 

of  the  Grades  of  the  Illinois  Central 
Railroad  Company  and  the  Cleveland, 
Cincinnati,  Chicago  &  St.  Louis  Rail- 
road Company  at  Champaign,  Illi- 
nois. 

Clure    Morris    Powell Tlie    Effect   of   Clay    on   the   Strength    of 

Cement   Mortar. 

Charles    E:rnest    Ramser    The    Effect    of    Gradations    of    Sand     on 

the    Strength    of   Cement   Mortar. 

William  Horace   Rayner    A     Study     of    the     Most    Advantageous 

Speed    of    Water    Turbines. 

Robert   Herman   Riesche    A    Comparison    of   the    Efficiencies    of    a 

Two-hinged  and  a  Three-hinged 
Steel  Arch. 

John   Alcide    Robert    The  Ventilation  of  Tunnels. 

Carl    David    Robson    Tests    of    Reinforced    Concrete    Beams: 

Resistance    to    Web    Stresses. 
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George     Silas     Russell The    Effect    of    Gradations    of    Sand    on 

the    Strength    of    Cement    Mortar. 

Guy    Ray    Shaw Tests    of    Spiral-hooped    Concrete    Col- 
umns. 

Harold    Hoyt    Simmons Development  and  Tests  of  a  Pitometer. 

Pomeroy    Sinnock     Lateral     Pressure     of     Granular     Sub- 
stances. 

Charles    Sumner    Stewart    Sub-aqueous    Railroad    Tunnels. 

James    Samuel    Stewart    Nozzle    Piezometer    Tests. 

Albert    Paul    Streff    Design     of     Steelwork     for     an      Office 

Building. 

^Villiam    Claude    Swett Fires  in  the  United   States  and   Canadi 

since    1900. 

Kenneth    Hammet   Talbot Tests      of      Longitudinally      Reinforced 

Spiral-hooped    Concrete    Columns. 

Sadakiclii    Tanivama     Tests    of    Reinforced    Concrete    Beams: 

Resistance   to   Web  Stresses 

Robert  Charles   AVagner.   Jr Economic  Study  of  Steel  Trussed  Roofs 

Jesse    Jacobsen    Walledom Effects    of    Moving    Loads    on    Highway 

Bridges. 

William    Joseph    Walsh The   History  of  Steel    Railway   Rails. 

Candidates  for  the  Degree  of  Bachelor  of  Science, 
department  of  electrical  engineering. 

Ross    Harper    Arnold Effectiveness    of    Indirect    Illumination. 

Bayard  Macknet  Beach    Efficiency    of    a    Mercury    Arc    Rectifier 

for    Charging    Storage    Batteries. 

Napoleon    Hiram    Boynton Life    and    Efficiency   Tests    of    Tungsten 

lamps. 

John    Jav    Bradley     Design    of    Enlarged    L'niversity    Power 

Plant. 

Howard    Dixon     Braley Efficiency   of    Electrical    Heating   Appa- 

atus. 

Briggs   Odd    Brown Design    and    Construction    of    a    Projec- 
tion  Oscillograph. 

Allen    Berry    Campbell Reflection    of   Light   from    Surfaces. 

.John    Fisher    Carper Efficiency    of    a    Mercury    Arc    Rectifier 

for    Charging    Storage    Batteries. 

Francis    Albert    Coffin Improved      Operation      of      the      Power 

Plant    at    the    University    of    Illinois. 

Cloyd    Ellorne    Corrington Comparison       of       the       Characteristic 

Curves    of    Tungsten    Lamps. 

Ira     Wilnur    Dickeison Reflection    of    Light    from    Surfaces. 

Robert    Ernest    Doherty The    Comparison    of    Gas    Engines    and 

Steam  Turbines  as  Prime  Movers,  and 
the  Design  of  a  Six  Hundred  Kilo- 
watt   Steam    Turbine    Plant. 

Roy    Xowton    Fargo Light  and  Color  Comparison   for  Incan- 
descent   Lamps. 
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Paul  Melville  Parmer Some  Investigations  of  Alternating- 
Current   Wave    Form. 

Ira    William    Fisk    Comparison       of       the       Cliaracteristic 

Curves   of   Tungsten  Lamps. 

Donald    Alison     Henry     Modification    of    a    Commutator    Motor 

and  its  Operation  as  a  Repulsion  Mo- 
tor. 

Harry     Stephen     Lofquist Life    and    Efficiency    Tests    of    Tungsten 

Lamps. 

Elmer    Fauntleroy    Maryatt Inductive     Disturbances     on     Telephone 

Lines. 

John    Warne     Mathewson Some      Investigations      of      Alternating 

Current   Wave  Form. 

Charles    Anson    Nash Modification     of    a    Commutator    Motor 

and  its  Operation  as  a  Repulsion  Mo- 
tor. 

William    Conrad    Nein    Compulsory  Interchange  of   Services   of 

Rival    Telephone    Companies. 

Albert    Penn     Design  of  an  Electric  Lighting  System 

for  Camden,  Indiana. 

Charles  Samuel  Pope Polyphase  Motors  on  Unbalanced  Sys- 
tems. 

Charles  Pruitt  Potter  Polyphase  Motors  on  Unbalanced  Sys- 
tems. 

Fred     Shepard     Simms Lighting  Problems  in  the  University  of 

Illinois    Auditorium. 

Oscar  Jose  Sumay The  Design  of  an  Hydro-electric  Pow- 
er Plant  on  the  Vermillion  River  at 
Danville,    Illinois. 

Albert  Charles  Yehling Preliminary  Investigations  for  an  Elec- 
tric Road  from  Gibson  to  Sidney. 


Candidati-'s  for  the  Degree:  oe  Bachelor  oe  Science, 
department  oe  municipal  and  sanitary  engineering. 

Edward    Henry    Ashdcwn Yard  Fire  Protection   of  the   University 

Buildings. 

Benjamin    Almond    Brackenbiiry .  .  .  .  Some    Problems    in    the    Purification    of 

the    University    Water    Supply. 

Bruce   Leroy   Jones    The    Measurement    of   Water    by   Means 

of  Vertical   Jets. 

John    Lloyd    Jones The    Methods    of    Procedure    in    Making 

Public    Improvements    in    Towns    and 
Cities. 

William  Thompson  McCler'ahan ....  Sewage  Purification  Plans  for  Resi- 
dences and  Small   Institutions. 

Milton  Frederick  Stein The  Design  of  an  Hydro-electric  Pow- 
er Plant  on  the  Vermillion  River  at 
Danville,   Illinois. 
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■  Candidates  for  the  Degree  oe  Bachelor  of  Science, 
department  of  railway  engineering. 

In   Railway  Civil   Engineering. 

Ralph    Osobrne    Beck An    Investigation    of    the    Engineering- 

and  Economic  Phases  of  the  Reduc- 
tion of  a  Specific  Ruling  Grade  on 
the  Illinois  Central  Railroad — By  the 
Method   of   "Reduction   in   Place." 

Tinph    Weitsen    Tu An    Investigation    of    the    Engineering 

and  Economic  Phases  of  the  Reduc- 
tion of  a  Specific  Ruling  Grade  on 
the  Illinois  Central  Railroad — By  the 
Method  of   "Reduction  by  Diversion." 

Thomas    Judson    Wright An    Investigation    of    the    Engineering 

and  Economic  Phases  of  the  Reduc- 
tion of  a  Specific  Ruling  Grade  on 
the  Illinois  Central  Railroad — By  the 
Method   of   "Reduction   by   Diversion." 


In  Railway  Electrical  Engineering. 

William  Arthur  Butler  The  Design  and  Construction  of  a  Re- 
cording   Rail-bond    Tester. 

Harold  Churchill  Dean  A  Review  of  the  Problem  of  the  Elec- 
trification of  the  Saint  Clair  Tunnel 
on    tlie    Grand    Trunk   Railway. 

Hal  Edmund  Ercanbrack The  Design  of  the  Motive  Power  Equip- 
ment  for  an   Electric   Street-Car. 

Homer    Langdon    Hadley Effectiveness    of    Indirect    Illumination. 

Carl  Henry  Hoge The  Design  and  Construction  of  a  Re- 
cording  Rail-bond  Tester. 

Edward  Ferdinand  Jacob  Lindberg.A  Report  on  the  Development  of  Rail- 
way Signal  Systems. 

Hugh  Allen  McCrea An  Analysis  and  Discussion  of  the  Con- 
ditions Leading  to  the  Selection  of 
Equipment  for  an  Interurban  Elec- 
tric Railway. 

Percy    McClure    Richards A    Report    on    the    Alternating  Current, 

Single      Phase,      Interurban  Railway 

Line    between    Bloomington  and    Pe- 
oria,   Illinois. 

Charles  Trescott  Ripley The  Design  of  the  Body  ■  of  an  Elec- 
tric Car  for   Street   Railway   Service. 

Robert  Beam  Rodgers  The  Design  and  Construction  of  a  Re- 
cording   Accelerometer. 

In  Railway  ^Mechanical  Engineering. 

Miles   Otto  Gibson .  .Comparative    Tests    of    Illinois    Central 

Railroad     Locomotives     No.     920     and 
No.    940. 

I'"rederick   Ayres    Lorenz Comparative    Tests    of    Illinois    Central 

Railroad     Locomotives     No.     920     and 
No.    940. 
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Caxdidates  for  the  Degree  of  Bachelor  of  Science. 

DEPARTMENT   of   ARCHITECTURE. 

Ill   Architecture. 

William    Herbert    Beyrer Design     for     a     Government     Printing- 
Plant. 

Clark   Wesley   Bullard Design    for   a    City    Hotel. 

Richard    McPherren    Cabeen A   National    Convention   Hall. 

William    Philip    Doerr Design  for  an  Academy  of  Architecture 

Harry    Sterling    Horner Design  for  a  Christian   Science  Church. 

Forrest    Seller    Rusk     A   City   Bank. 

'WMliam    Henry    Schulzke Design   for  a   Fraternity   House. 

Ramon    Schumacher    Design    for   an    Oflfice    Building. 

In   Architectural   Engineering. 

Howard    Fraser    Anderson Transverse    Resistance     for    Nails     and 

Spikes. 

Carl     Bernhardt     Carlson Transverse    Resistance    for    Nails    and 

Spikes. 

Frank    Goodspeed     Actual  Live  Floor  Loads  for  Buildings. 

Norman     Haden    Hill Reinforced  Concrete  Pier  Footings. 

James    Leslie    Melton The  Design  of  a  Heating  and  Ventilat- 
ing  Plant   for  a  School   Building. 

Edward    Frank    Zahrobsky Reinforced    Concrete    Pier    Footings. 

In  Architectural  Decoration. 

Arselia     Bessie     Martin A    Country    Church    and    Rectory. 

Louise    Josephine    Pellens Design   for   a   Sorority   House. 
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Dr.  Ernst  Julius  Berg  was  born  in  Sweden  in  January, 
1871.  He  graduated  from  the  Royal  Polytechnical  Insti- 
tute of  Stockholm  in  Mechanical  Engineering  in  1892  and 
a  year  later  came  to  the  United  States.  For  the  past  seven- 
teen years  lie  has  been  associated  with  the  General  Electric 
Company,  which  company  he  left  in  September  of  last  year 
to  assume  his  duties  as  Professor  of  Electrical  Enaineerins 
of  the  University  of  Illinois.  As  a  representative  of  the 
General  Electric  Company,  Dr.  Berg  designed  and  person- 
ally supervised  the  erection  of  the  first  rotary  transformers 
which  were  installed  in  the  City  of  Chicago  a  dozen  or  more 
years  ago,  and  lie  has  since  had  his  part  in  the  development 
of  the  various  forms  of  electrical  machines  which  have  made 
up  tlie  product  of  this  company.  In  his  capacity  as  an  ex- 
pert advisor  for  the  General  Electric  Company,  he  has  been 
concerned  with  the  great  works  at  Schenectady  and  also  with 
those  at  L^^nn,  Massachusetts.  His  business  has  many  times 
taken  him  abroad  for  consultation  upon  technical  matters 
with  various  foreign  representatives  of  the  company.  Dur- 
ing the  last  three  years,  as  a  diversion  from  his  more  formal 
duties,  he  has  served  as  a  special  lecturer  of  Union  Univer- 
sity of  Schenectady,  and  he  received  from  that  institution  in 
1909  the  honorary  degree  of  Doctor  of  Science.  Dr.  Berg 
understands  English,  German,  French,  Swedish,  Norwegian, 
and  Danish.  His  scientific  contributions  are  numerous  and 
of  high  value.     His  book  on  ''Electrical  Energv''  and  his  var- 
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ions  ])a]K'rs  hcfoiv  tlic  Aiiicrican  Institute  of  Electrical  En- 
jijinccrs  arc  entitled  to  special  mention.  Dr.  Berj'V  exper- 
ience in  (lesio;ning,  bnildiui;-,  installing,  and  oi)erating  elec- 
trical machinery  permits  him  to  deal  with  the  more  practical 
])rol)lems  of  his  ])rofession  with  a  degree  of  enthnsiasni  that 
is  well-nigh  irresistible,  and  the  fact  that  he  has  achieved 
success  in  advancing  the  more  theoretical  phases  of  electri- 
cal engineering  is  inspiring  to  those  who  are  interested  in 
the  development  of  problems  throngh  mathematical  process- 
es. As  a  close  personal  friend  and  for  many  years  a  co- 
worker with  the  celebrated  Dr.  Steinmetz  at  Schenectady, 
Dr.  Berg  has  kept  himself  in  tonch  with  the  best  thonght  in 
his  field  and  has  had  a  part  in  its  development.  Dr.  Berg 
began  his  work  at  the  University  in  November,  and  in  the 
brief  period  since  that  date  has  completely  won  the  friend- 
ship and  esteem  of  the  students  of  his  department  and  of 
his  associates  of  the  Faculty. 

W.  F.  M.  Gos8, 
Dean  of  the  College  of  Engineering. 
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THE  CONDITION  AND  ACTION  OF  STEAM  IN 
TURBINES. 


Ernst  J.  Berg^  Sc.  D. 
Professor  of  Electrical  Enoineerinff. 


lu  the  preceeding  number  of  the  Technograph,  Professor 
Thorpe  gave  some  very  interesting  results  of  tests  on  Cur- 
tis turbines.  Tliese  tests  showed  in  a  general  Avay  the  char- 
acteristics of  turbine  operation,  tlie  effect  of  change  of  initial 
pressure,  superheat,  vacuum,  etc. 

Having  been  to  a  slight  degree  instrumental  in  the  de- 
velopment of  this  type  of  turbine,  the  writer  will  endeavor 
in  this  article  to  show  briefly  the  practical  considerations 
that  enter  into  its  design. 

Tlie  available  energy  of  steam  is,  as  is  well  known,  ex- 
pressed b}^  the  following  relation  : 

Ft.  lbs.  per  pound  of  steam  =  778  [H^  +  Cpt^  —  (q^  -f- 
XYo)  ]  where: 

H.  =  total  heat  at  pressure  p^. 

Cp  =  specific  heat  of  superheated  steam  at  pressure  p^. 

ti  =  superheat  in  degrees  F.  at  pressure  p^. 

q2  =  heat  of  liquid  at  pressure  p^. 

X2  =  quality  of  steam  at  pressure  p^. 

r^  =^  latent  heat  at  pressure  p^. 

To  =  latent  heat  at  pressure  po. 

The  quality  of  steam  x.,  can  be  calculated  since  the  en- 
tropy is  the  same  before  and  after  expansion. 

Entropy  of  superheated  steam  = 

^    1       Ti  +  ti  ,  ri    ,  ^ 
Cp  lo.f 


Ti 
Entropy  of  moist  steam  = 


In  these  equations,  T^  and  To  are  the  absolute  tempera- 
tures of  saturated  steam  at  pressures  Pi  and  po  respectively 
<^i  =  entropy  of  water  at  pressure  pi, 
^2  =  entropy  of  water  at  pressure  Pa. 
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EXAMPLE :— To  illustrate  the  application  of  these 
formulae,  the  substitutions  necessary  to  find  the  available 
energy  per  pound  of  saturated  steam  when  expanding  adia- 
batically  from  175  lbs.  absolute  pressure  to  one  pound  (about 
28  in.  vacuum)  are  shown  below. 

We  have: 

Ti  T2     ^   " 


whence 


X2=ii^/'l 


^  Ti/ 


r2 

=  461 +102/  ,3  _  _,,,  851.6       \      Q^ygg 

1043      V  461+  370.5/ 

Thus  moisture  1,  —  .706.  =  23.4  per  cent. 

The  available  energy  in  ft.  lb.  = 

778  [1194.9  — "  (70.1  +  .766  X  1043)]  =253,000. 

It  is  interesting  to  note  that  the  moisture  at  the  low 
pressure  is  23.4  per  cent,  if  all  available  energy  is  converted 
Into  mechanical  work.  No  engine  can,  however,  have  100% 
efficiency,  therefore,  some  energy  is  wasted  internally  as 
heat,  which  heat  evaporates  some  of  this  moisture  so  that  in 
reality  the  per  cent  moisture  entering  the  condenser  is  con- 
siderable less  than  23.4%.  The  higher  the  efficiency  the 
nearer  the  value  of  23.4%  would  be  approached. 

Assuming,  for  instance,  that  the  efficiency  of  a  single 
stage  turbine  operated  under  the  conditions  given  above  is 
70%.  The  energy  available  for  evaporation  (neglecting 
losses  by  radiation,  which  are  small)  is  .30x253,000  =  75,- 
900  ft.  lb.  The  latent  heat  at  one  pound  absolute  pressure  is 
1043.1,  hence,  to  evaporate  one  pound  1043.1x778^812,000 
ft.  lb.  are  required.  Therefore,  with  75,800  ft.  lb.  Ave  evapo- 
rate .0935  lb.     The  moisture  is  therefore: 

.234  —  .0935  =  .1405,  or  14.05%. 

In  a  iinilli-stage  machine,  with  a  given  efficiency  of  each 
individual  stage,  the  joint  efficiency  is  higher  than  the  in- 
dividual efficiency.  For  instance,  with  a  four-stage  turbine 
operated  with  initially  dry  saturated  steam  at  175  lb.  abso- 
lute pressure  and  28"  vacuum,  if  the  efficiency  of  each  stage 
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is  70%,  and  the  work  in  each  stage  is  approximately  the" 
same,  the  foHowing  condition  of  moisture  in  the  different 
stages  exists: 

In  the  first  stage  (at  03  lb.  pressure)      4%  moisture; 

In  the  second  stage  (at  19.5  lb.  pressure)  7.8%  moisture; 

In  the  third  stage  (at  5  lb.  pressure)  11.5%  moisture; 

In  the  fourth  stage  (at  1  lb.  j)ressure)  14.8%  moisture; 

Comparing  this  Avith  the  moisture  given  in  the  previous 
case  of  14.1%,  we  see  that  the  four-stage  machine  has  con- 
verted more  steam  to  water  or  has  abstracted  more  energy. 
The  efficiency  corresponding  to  this  moisture  is,  as  can  read- 
ily be  determined  from  the  above  method,  72.4%. 

There  is,  therefore,  an  apparent  gain  in  using  many 
stages.  It  might  be  well,  however,  to  mention  that  the  gain,, 
although  considerably  more  between  a  one-stage  and  a  four- 
stage  turbine,  is  proportionately  very  much  less  as  the  num- 
ber of  stages  is  increased.  It  is  approximately  1.5  %  in  go- 
ing from  four  to  tAventy  stages. 

This  gain,  however,  cannot  be  fully  taken  advantage  of, 
since  with  increased  number  of  stages  other  difficulties  ap- 
pear, as  for  instance  steam  leakage  around  diaphrams,  etc. 

To  illustrate  the  dependence  of  moisture  on  the  effi- 
ciency, the  following  tables  have  been  prepared  for  a  single 
stage  and  four-stage  turbine. 

Single  Stage  Turhine : 

Pressure  of  saturated  steam  175  lb.  abs. 

Exhaust  pressure  1  lb. 

Per  cent  eff.  of  turbine  100.         70         50         30 

Per  cent  moisture  in  exhaust  23.4       14  7.7        1.4 

Single  stage  turhine: 

Initial  pressure 175  lb.  abs. 

Condition  of  steam 200°  F.  superheat 

Exhaust  pressure 1  lb.  abs. 

Per  cent  eff.  of  turbine  100.     70.     50.  30 

Per  cent  moisture  of  superheat   17.6    7.05     .05     144°  sup. 

Four-stage  turhine : 

Pressure  of  saturated  steam .  . .  .175  lb.  abs. 
Exhaust  pressure 1  lb. 
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Per  cent,  eff .  of  each  stage 

"       "     moisture  in  1st  staije 

"       "          "           "  2nd  "'     

"  8r(i    "      

80 
4.9 
9.6 

14 

IS 

70 
4 

7.8 
11.5 
14.8 

60 

3 

6.1 

9 
11.8 

50 
2 

4.3 
6.5 

8.6 

40 
1.1 
2.6 
4.1 
5.5 

30 
.0 

.oi 

1   tr 

"       "           "           "  4th   "     

2  4 

F()iir-.sf(i(/<'  f  iirhiiic : 

Pressure 175  lbs.  ab. 

Siiperbcat 200^ 

Exhaust  pressure 1  lb. 


Per  cent.  eff.  of  each  ^  tage 

"      "      moisture  or  sup.  1st  stage. 
"       "  "  "     "     2nd     " 

"       "  "         ''     "     3rd      " 

"       "  "  "     "     4th       " 


80 
84° 

2< 

■\2'fr 


70 

106° 

0 

3^ 

8.4^ 


60 

127 

44 

.45 
55 


50 

148 
85° 
20 

Oct 


40 
172^ 
126 

80° 

35 


30 
192^ 
168  = 
136  = 
108° 


It  is  interestiiif^  to  note  that  with  200''  superheat  and 
dry  exhaust  the  efficieney  eaiiiiot  be  higher  than  about  45%. 

It  is  unfortunately  xevy  difficult  to  determine  the  true 
conditions  of  the  steam  in  the  exhaust.  Practical  experience 
has  shoAyn  that  it  is  almost  impossible  to  get  a  true  sample. 

It  is  eyident,  howeyer,  that  if  there  were  any  practical 
ways  of  obtaining  the  percentage  of  moisture  in  the  exhaust 
of  a  turbine  the  efficiency  could  be  directly  found. 

In  the  larger  Curtis  turbines,  the  steam  enters  the  tirst 
stage  nozzles  at  boiler  pressure  at  all  loads,  ( neglecting  the 
drop  in  pressure  in  tlie  high  ])ressure  steam  mains). 

In  the  smallest  size  and  indeed  in  all  turbines  of  the 
"Parsons"  or  reaction  type,  there  is  at  some  loads  a  thrott- 
ling of  the  steam.  The  effect  of  this  throttling  is  not  insig- 
niticant,  but  on  the  contrary  it  represents  a  considerable 
loss  of  useful  eiiergA',  altliough  at  tirst  sight  it  would  seem 
small  considering  tliat  there  is  eyidently  practically  no  loss 
from  radiation  at  the  yahe. 

To  illustrate  this  loss  it  will  be  assumed  that  the  boiler 
giyes  saturated  dry  steam  at  175  lb.  absolute  ])ressure,  and 
that  by  tlu'ottling,  the  jn-essure  is  reduced  to  100  lb.  abs. 

The  specific  heat  of  superheated  steam  is  not  definitely 
kn(>\vn,  but  will  be  assumed  as  .5.  AVe  liaye,  therefore,  as- 
suming no  loss  l)y  I'adiation: 

Total  heat  of  satui-ated  steam  at  175  lb.  ^total  heat  of 
saturated  steam  of  100  lb.  -J-  .5  t,  where  t^  is  the  annmnt  of 
superheat. 
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The  total  lieat  at  175  lb.  sat.  steam  is 1,194.9 

The  total  heat  at  100  11).  sat.  steam  is 1,181.9 

The  difference  is  13 

Thus,  .5  ti  =  13  ami  t^  =  26°  Fah. 

From  the  ei] nations  oiyen  previonsly,  it  can  be  deter- 
mined tliat  the  available  energy  of  saturated  steam  between 
175  lb.  and  1  lb.  is  253,000  ft.  lb.  and  the  available  energy  of 
superlieated  steam  at  100  lb.  and  26°  superheat  is  228,400  ft. 
lb.,  therefore,  the  ratio  is, 

228,400^    902 
258,000  ' 

(>r  90.2%  only  is  available  at  the  lower  pressure. 

In  this  connection  it  may  be  of  interest  to  discuss  the  use 
of  the  tJirottliiig  vdlorimcter,  and  the  bearing  the  uncertainty 
of  specific  heat   of  superheated  steam  has  on  the  deductions. 

It  will  be  assumed  tliat  the  calorimeter  is  connected  to 
the  atmosphere  and  tltat  the  initial  pressure  is  175  lb.  abs. ; 
the  condition  of  the  steam  is  unknown,  and  the  temperature 
of  the  superheated  steam  at  atmospliere  ju'essure  is  262° 
Fah.,  tlius  50°  superheat. 

Since  the  total  heat  is  assumed  the  same  at  the  two  pres- 
sures, ^^'e  get : 

Total  heat  at  14.7  lb.  saturated  steam  +  Cp  X  50  =•• 
total  heat  of  saturated  steam  at  175  lb-  -f  heat  of  tke  liquid. 

Let  X  be  the  percentage  steam,  thus  1  —  x  =  percentage 
liijuid. 

The  li(|nid  lieat  at  175  lb.  pressure  is  343.3,  thus  we  ^et: 

-  l,14r>.9  +  50  Cp  =  1,194.9  x  +  343.3  ( 1  —  x ) , 
or 

803.6+ 50  Cp 
x  = . 

851.6 

For  Cp  =  .5  Ave  conclude  a  moisture  of  2.75% 

For  Cp  =  .6  we  conclude  a  moisture  of  2.1% 

From  tlie  equation  it  is  readily  seen  that  witli  saturated 

exhaust  the  initial  moisture  may  be  5.7%  or  more. 

The   calorimeter,   therefore,   cannot   record   more   than 

5.7%  moisture  under  this  pressure  condition.     In  reality  it 
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is  limited  to  a  considerably  smaller  percentage  on  account 
of  the  error  in  tem])eratiire  deduction,  difficulties  of  getting 
true  samples  of  the  steam  wlien  loaded  with  much  moisture, 
etc. 

Efficiency  of  Tiirhincs. 

Tlie  best  war  <o  determine  the  efficiency  is  to  note  the 
ju-essure  and  temperature  readings  of  tlie  steam  supplied  to 
the  turbine,  the  amount  of  condensed  steam  per  hour,  the 
exhaust  pressure  and  the  electrical  output  of  a  generator 
connected  thereto. 

If  it  is  desired  to  get  only  tlie  combined  efficiency  of  the 
generator  and  turbine  tlie  determination  is  simple.  It  is  only 
necessary  to  calculate  from  the  formula  given  previously  the 
available  energ}^,  and  to  convert  the  foot  pounds  into  kilo- 
watt hours. 

One  kilowatt  hour  is  equivalent  to  2,654,000  ft.  lb.  As- 
suming then  that,  for  instance,  the  available  energy  between 
the  pressure  ranges  is  253,000  ft.  lb.  the  theoretical  water 
rate  per  kilowatt  hour  is  obviously 

2,654,000       .._.  ^ 

^^P^=10..>lb.  perhour. 

If  the  test  gives  15  lb.,  we  can  conclude  tlmt  the  efficien- 
cy is  10.5  or  70%.     The  generator  efficiency  may  be  95%, 

l5~ 
therefore,  the  turbine  efficiency  is  73%.     In  general  the  ef- 
ficiency is 

,        theoretical  water  rate 
observed  Avater  rate. 

The  theoretical  water  rate  is  2,654,000  divided  by  the 
available  energ^^  per  pound  of  steam  betAveen  the  correct  pres- 
sure ranges  and  at  the  correct  temperature. 

For  the  sake  of  convenience  the  values  of  theoretical 
water  rate  over  a  wide  range  of  pressures  and  superheat  are 
tabulated  below.  From  the  tables  it  should  be  possible  to 
interpolate  for  any  other  steam  condition  that  is  likely  to  be 
used  in  practice. 

Theoretical  water  rate  for  various  pressures,  vacuum 
and  superheat: 


Theorvtical  AY  ate  r  Rate 


Superheat 

Inches 
Vac. 

Thkoretical  Water  Ratk 

Initial  Pressure 
absolute 

200 

150 

100' 

50 

0' 

215  lb. 

29 

8.45 

8.7 

8  95 

7.2 

9.45 

«' 

28 

9. 

9.25 

9.5 

9.75 

10. 

" 

27 

9.5 

9.75 

10.05 

10.3 

10.55 

(( 

26 

9.9 

10.2 

10.50 

10.8 

11.11 

" 

20 

11.65 

12.07 

12.50 

12.87 

13.25 

" 

10 

13.65 

14.15 

14.65 

15.15 

15.65 

" 

0 

15.25 

15.8 

16.4 

16.9 

17.4 

2  1o 

bk.  pres 

15.05 

16.07 

17.1 

17.6 

18.2 

200  lb. 

29 

8.55 

8.8 

9.05 

9.32 

9.6 

.( 

28 

9.1 

9.4 

9.7 

9.95 

10.2 

(( 

27 

9.6 

9.9 

10.2 

10.45 

10.75 

" 

26 

10. 

10.32 

10.65 

10.97 

11.3 

" 

20 

11.75 

12.4 

12.8 

13.2 

13.6 

u 

10 

14. 

14.5 

15.05 

15.57 

16. 

" 

0 

15.6 

16.2 

16.9 

17.4 

17.9 

2  1b. 

bk.  pres. 

16.3 

16.9 

17.5 

18. 

18.7 

175  lb. 

29 

8.75 

9.02 

9.3 

9.55 

9.8 

" 

28 

9.35 

9.62 

9.9 

10.18 

10.45 

" 

27 

9.85 

10.15 

10.45 

10.75 

11.05       . 

'< 

26 

10.3 

10.65 

11. 

11.3 

11.6 

11 

20 

12.4 

12.82 

13.25 

13.65 

14.05 

" 

10 

14.65 

15.77 

15.70 

16.25 

16.8 

11 

0 

1H.4 

17.35 

18.3 

18.6 

18.9 

2  lb. 

bk.  pres. 

17.1 

17.75 

18.4 

19.1 

12.8 

165  lb. 

•Z9 

S.85 

9.12 

9.4 

9.63 

9.86 

" 

28     - 

9.45 

9.72    , 

10. 

10.3 

10.6 

" 

27 

10. 

10.32    i 

10.65 

11. 

11.3 

" 

26 

10.5 

10.85 

n.-j 

11.55 

11.9 

" 

20 

12.6 

13.05 

13.5 

13.9 

14.3 

" 

10 

14.9 

15.05 

16.1 

16.57 

17.05 

" 

U 

16.85 

17.52 

18.2 

18.75 

19.3 

2  1b. 

bk.  pres. 

17.6 

17.3 

19. 

20.3 

140  lb. 

29 

9.12 

9.37 

9.65 

9.9 

10.2 

" 

28 

9.75 

10.05 

10.35 

10.65 

10-95 

11 

27 

10.3 

10.62 

10.95 

11.28 

11.62 

.1 

26 

10.85 

11.20 

11.55 

11.95 

12.3 

" 

20 

13.1 

13.6 

14.1 

14.6 

15.1 

11 

10 

15.8 

16.4 

17. 

17.6 

18.2 

" 

0 

17.9 

18.6 

19.3 

20. 

20.65 

2  lb. 

bk.  pres. 

18.6 

18.95 

20.3 

21. 

21.8 

125  lb. 

29 

9.35 

9.88 

10.4 

" 

28 

10.03 

10.6 

11.2' 

'• 

27 

10.70 

11.3 

11.6 

11.9 

" 

26 

ll.l'S 

11.9 

12.55 

" 

20 

13.65 

14.6 

15.50 

" 

10 

1().50 

17.7 

18.98 

1  ( 

0 

18.90 

20.4 

21.80 

2  1b. 

bk.  prea. 

19.85 

21.6 

23.1 

100  lb. 

29 

9.77 

10.25 

10.89 

11 

28 

10.50 

11.16 

11.72 

11 

27 

11.2 

11.9 

12.50 

11 

26 

11.83 

12.65 

13. 2S 

i( 

20 

14.70 

15.80 

16.65 

t( 

10 

18. 

19.45 

20.7 

11 

0 

20.9 

22.28 

24.25 

2  1b. 

bk.  pres. 

22.15 

24.2.1 

25.82 

Atmos.  (14.7  lb) 

29 

15.4 

16.65 

17.7 

I.            11 

28 

17.65 

19.1 

20.4 

11                           K 

27 

20. 

21.8 

23.3 

11                          11 

26 

22.40 

24.5 

25.4 

10"  Vac.  (10  lb) 

1'9 

17.25 

18.8 

20.2 

28 

20.20 

22.1 

24.2 

27 

23.50 

25.8 

28.6 

26 

26.95 

30. 

.33. 
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It  is  ovidout  from  these  tables  that  there  is  a  very  cou- 
siderabh^  liaiii  in  water  rate  by  high  vaeuuiii  and  hioh  super- 
heat, and  since  the  boiler  plant  is  directly  de])endent  u])on 
the  amount  of  water  required,  it  is  evident  that  there  is  a  con- 
siderable saving  in  initial  cost  of  the  powtn*  plant. 

It  must,  of  course,  not  be  forgotten  that  high  vacuum  is 
only  possible  with  relatively  low  temperature  of  the  cooling 
water,  and  that  the  amount  of  cooling  water  is  necessarily 
considerably  greater  than  that  with  low  vacuum.  The  con- 
denser itself  is  also  considerably  larger  than  for  lower  vac- 
uum. However,  the  saving  by  reduced  boiler  installation 
more  tlian  compensates  for  the  cost  of  the  larger  circulating 
pumi)s,  condenser,  etc. 

The  great  saving  by  the  use  of  high  vacuum  is,  however, 
in  the  coal  consumption.  The  per  cent  saving  in  coal  corre- 
sponds practically  to  the  gain  by  increased  vacuum  in  the 
water  rate.  So,  for  instance,  assuming  the  same  efficiency  of 
the  turbine  when  operating  at  27''  and  28.5"  vacuum  the 
gain  in  water  rate  at  average  commercial  initial  pressure  is 
9.5%,  and  9.5%  in  water  means  substantially  a  saving  of 
9.5%  in  coal. 

The  gain  in  theoretical  water  rate  by  superheat  is  also 
considerable,  being  approximately  G%  per  100°,  in  reality 
due  to  the  reduced  rotation  losses  on  account  of  the  lesser 
water  in  the  steam,  the  gain  is  still  greater,  being  about  8% 
per  100  . 

This  gain  in  water  rate,  however,  only  slightly  affects 
the  coal  consumption.  As  an  instance,  the  relative  coal  con- 
t^umption  for  a  turbine  operated  at  200  lb.  absolute  initial 
])ressure  with  dry  saturated  steam  and  28''  vacuum,  and  an- 
otlier  with  sjiuh^  pressure  but  100"  superheat  will  be  deter- 
mined. 

The  total  heat  per  pound  of  saturated  steam  at  200  lb. 
pressure  is  1198.3,  the  heat  corresponding  to  100'  superheat 
(assuming  (\  as  .5)  is  50,  thus  the  increase  in  heat  witli  super- 
heat is 

^^  .0417  or  4.17% 


1198.8 

The  a\"ailable  energy  in  the  superheated  steam  between 
200  lb.  and  1   H>.  is  275.lM)0  ft.  lb.     In  saturated  steam  it  is 
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2(51, 000  ft.  lb.,  thus,  the  increase  in  available  enerji,y  is  5.37%, 
while  the  oain  in  eoal  is  5.37%  —  4.17%  =  1.2%.  As 
stated  above,  the  i;ain  in  water  rate  is  considerably  greater 
than  corresponds  to  the  gain  in  available  energy  and  is 
about  8%,  hence  in  practice  the  gain  in  coal  by  100°  super- 
heat is  8  —  4.17  or  3.8%.  In  this  calculation  it  has  been 
assumed  that  the  tlue  gases  in  both  cases  leave  at  the  same 
temperature,  and  tliat  the  thermal  efficiency  of  the  boiler 
in  one  case  and  boiler  with  superlieat  in  the  other  is  the 
same.  In  all  probability,  this  is  not  quite  the  case,  never- 
theless there  is  a  decided  gain. 

The  reciprocating  engine,  especially  when  new  and  prop- 
erly adjusted,  converts  the  energy  of  steam  to  mechanical 
energy  with  high  efficiency.  This  is  particularly  so  when 
operating  non-condensing,  or  with  moderate  vacuum  only. 
It  must  be  remembered  tliat  liigli  efficiency  does  not  mean 
low  Avater  rate  in  general,  but  low  water  rate,  considering 
the  energy  in  tlie  steam  delivered  to  the  engine.  For  in- 
stance, an  engine  operating  non-condensing  with  initially  dry 
steam  of  175  lb.  abs.  pressure  and  an  efficiency,  including 
generator,  of  80%  would  have  a  water  rate  of  23.6  lb.  per 
kilowatt  hour.  Another  engine,  operating  with  same  initial 
pressure  imd  28"  vacuum  and  taking  17.5  lb.  of  water,  would 
have  an  efficiency  of  (10%. 

Due  to  the  number  of  large  cylinders,  the  cylinder  con- 
densation, etc.,  it  is  evident  that  the  low  pressure  part  of 
the  steam  engine  is  not  as  efficient  as  the  high  pressure  part. 
In  the  steam  turbine,  due  to  the  higher  rotation  losses  in  the 
part  which  has  high  ])ressure,  the  conditions  are  reversed, 
and  the  low  pressure  stsiges  work,  as  a  rule,  with  higher  ef- 
ficiency than  those  of  higher  pressure.      ^ ^ 

The  reci])rocating  engine  can  have  higher  efficiency  than 
the  turbine  at  high  pressures,  the  turbine  higher  efficiency  at 
low  pressures.  An  excellent  combination  is,  therefore,  a  Jiir/Ji 
pressure  reciprnraf'nify  oir/inr  in  cnnjiinrtion  irifJi  <i  loir  pres- 
sure turhine.  This  combination  is  the  more  attractive  from 
the  central  station  point  of  view,  since  it  does  not  involve 
discarding  the  installed  equipment,  but  only  the  addition  of 
new  apparatus,  as  the  load  requires,  Avhich  apparatus  is  much 
r-hea]>er  than  new  high  pressure  turbines  or  reciprocating 
engines  with  their  boih^rs.     This  arrangement  als(>  reduces 
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very  iiiatorially  the  coal  consiiinptioii  per  kilowatt  jjeneratecL 

Mr.  Harms,  in  his  book  ou  eugine  tests,  shoAvs  that  ordi- 
narily condensing  effects  a  saving  of  only  25%  in  water  rate 
in  compound  engines,  and  17%  in  single  cylinder  engines. 

Based  upon  these  figures  and  certain  assumptions  of 
efficiency,  it  is  possible  to  make  a  very  instructive  analysis 
of  the  gain  that  can  be  made  by  the  installation  of  low  pres- 
sure turbines. 

While  new  and  properly  adjusted,  the  efficiency  of  the 
compound  engine  operating  at  atmospheric  exhaust  is  very 
high,  perhaps  90%.  With  ordinary  care,  however,  the  ef- 
ficiency cannot  be  maintained  at  this  value,  but  it  averages 
probably  80%,  Avhich  value  represents  about  75%  efficiency 
when  the  losses  of  the  electric  generator  are  included. 

The  water  rate  of  such  a  unit  operating  with  initially 

18.9 
saturated  steam  at  a  pressure  of  175  lb.  absolute  is  ttff- 

^25.2  lb.  per  k.  w.  hour  (see  table).  At  28.5  inches  vac- 
uum, according  to  Mr.  Barrus,  we  can  expect  a  water  rate  of 
0.75x25.2  =  18.9   lb.   which   corresponds  to  an  efficiency   of 

P      =:53%    (see  table  and  interpolate  between  28  and  29 
18.9 

inches  A^acuum). 

The  aA'ailable  energy  betAveen  175  lb.  pressure  and  at- 
mospheric exhaust  is  139,500  ft.  lb.  The  energy  converted 
per  lb.  of  steam  is  0-75x139,500  =  104,000  ft.  lb.  The  avail- 
able energy  between  175  lb.  pressure  and  28.5"  vacuum  is 
262,000  ft.  lb. ;  hence  the  energy  converted  is  0.53x202,000=^ 
139,000  ft.  lb.  Thus  while  operatinir  condensinir,  the  part  of 
the  steam  engine  unit  which  couA'erts  Ioav  pressure  steam 
to  electrical  energy  supplies  only  139,000  —  104,000  =  35,- 
000  ft.  lb.  of  steam"! 

Due  to  the  internal  losses  and  the  re-CA^aporation  of  part 
of  moisture  incidental  thereto,  the  steam  contains  practically 
8.9%  moisture  at  atmospheric  pressure.  The  aAailable  en- 
ergy of  each  pound  of  mixture,  of  steam  and  water  expand- 
ed to  28.5''  vacuum  is  readily  found  to  be  130,900  ft.  lb. 
Hence  the  efficiency  of  the  low  pressure  part  of  the  steam 

,     .  '      35,000        __^ 

engine  cycle  is  only  ^^^  ^^^  =26.77o 
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Depending  upon  the  size,  of  course,  the  efficiency  of  a 
low  pressure  turbine  set  might  be  from  60  to  70%.  Assum- 
ing as  a  very  conserYative  mean  value  65%,  it  is  evident 
that  we  can,  for  the  same  amount  of  steam,  in  one  case  con- 
vert 130,900  ft.  lb.  to  35,000  ft.  lb.  useful  work ;  in  the  other 
to  85,200  ft.  lb.  useful  work,  or  the  total  amount  of  useful 
energy  in  the  case  of  the  compound  engine  is 

.75x139,500  +  .267x130,900  =  139,000 
in  the  latter  case 

.75x139,500  +  .75x130,900  =  202,800 
Thus,  the  low  pressure  turbine  enables  us  to  increase  the  out- 
put 46%,  using  the  same  amount  of  steam  in  both  cases. 

At  overloads  on  the  steam  engine,  the  efficiency  is 
usually  very  considerably  lower  than  at  full  load,  so  that  it 
is  undesirable  to  operate  them  at  such  loads.  With  the  com- 
bination of  a  low  pressure  turbine,  it  is,  however,  not  serious, 
since  the  turbine  has  a  very  uniform  efficiency  over  a  wide 
range  of  loads. 

It  can  be  shown  in  a  similar  way  that  with  50%  more 
than  the  normal  amount  of  steam,  the  combination  gives 
more  than  twice  as  much  output  as  the  engine. 

Regarding  the  action  of  the  steam  in  the  turbines. 

Broadly  speaking,  in  the  impulse  type,  as  first  repre- 
sented by  DeLaval,  and  later  modified  by  Curtis  the  energy 
of  the  steam  is  converted  to  velocity  in  the  nozzles  and  there 
is  no  expau'-^ion  of  the  steam  in  the  wheels.  In  the  v-action 
type,  the  steam  is  usually  expanded  in  the  stationary  as  well 
as  the  moving  elements. 

In  the  original  DeLaval  turbine,  which  had  one  wheel 
only,  the  steam  velocities  and,  therefore,  the  bucket  and  wheel 
\olocity,  was  very  high.  For  instance,  the  tlienrotical 
steam  velocity  when  such  turbine  is  operating  non-condens- 
ing, found  from  the  relation  between  energy  and  velocity,  is 

V  =  V  2  X 32.2  X available  energy 
=  8V  available  energv, 


In  this  case  it  is  8  V  139,500  =  2990  feet  per  second.  If  op- 
erated at  28"  A'acuum  the  available  energy  is  253,000  ft.  lb. 
and  V  =  4020  ft.  per  second. 
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By  a  very  careful  consti'iutioii  DeLaval  was  al)le  to 
use  as  high  a  bucket  sjtecMl  as  14(10  feet  per  secoi)«l. 

Assuuiinj;  a  si)ee(l  of  1400  feet,  a  uozzle  loss  of  euer<iy 
of  5%,  and  a  loss  in  the  wheel  of  107^  of  the  velocity,  a  nozzle 
an.ijle  at  20°,  and  a  leaving  angle  of  the  liucket  of  30%  we 
get  the  following  diagram: 


a-b  is  the  velocity  of  the  steam  as  it  leaves  the  nozzle 
value  is 


Its 


V  =  8  V  .95  X  258,000  =  8920  ft.  per  sec. 

a-c  is  the  bucket  speed  =  1400  ft.  i)er  sec. 

b-c  is  the  relative  velocity  of  the  steam  as  it  enters  the 
wheel,  it  is  2045  ft.  per  sec.  The  relative  velocity  as  it  leaves 
the  laicket  is  then  according  to  the  loss  assumption  2380  ft. 
per  sec,  therefore,  the  velocity  rejected  into  space  as  seen  is 
]3G2  ft.  per  sec. 

Tender  these  assumptions  then  we  have  the  folloAving  r 
Loss  in  the  nozzle: 

.05  X  253,000  =  12,()50  ft.  lb. 
Loss  in  the  wheel  20,600  ft.  lb.,  and  rejected  energy  ^=^  28,- 
800  ft.  lb.  making  62,050  ft.  lb.     Therefore,  the  bm'ket  effi- 
ciency which  corresponds  to  indicated  efficiency  with  engines 
is 

100,050 


253,000 


=  75.5% 


To  overcome  the  difficulties  ccmnected  with  high  rota- 
tive and  linear  speed,  such  as  are  necessary  for  good  economy 
in  the  DeLaval  turbine,  Curtis  introduced  the  multi-stage 
type  and  the  use  of  two  or  more  wheels  in  each  stage.  This 
type  can  most  readily  be  understood  by  considering  each 
comi)lete  turbine  as  made  up  of  a  number  of  smaller  turbines 
placed  in  series.  The  pressure  distribution  is  governed  by 
the  size  of  the  exhaust  opening  in  each  section,  whicli  open- 
ing, as  a  rule,  forms  the  nozzles  for  the  next  section. 
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Depending  upon  the  pressure  in  each  stage,  the  \\'ork 
per  stage  varies,  Witli  the  same  work  per  stage,  in  a  fcjur 
stage  turbine  operated  with  initially  dry  saturated  steam  at 
175  lb.  abg.  pressure  and  28''  vacuum,  the  available  energy 


of  each  stage  should  be 

253,000  =  63,250  ft.   lb. 
■■  .  4 

The  shell  pressures  corresponding  to  this  available  en- 
ergy are  63  lb.,  19.6  lb.,  5  lb.,  and  1  lb.  abs.,  respectively,  for 
the  first,  second,  third  and  fourth  stage.  Thus,  for  instance, 
in  the  nozzles  leading  to  the  first  stage  the  steam  is  expanded 
from  the  initial  pressure  of  175  lb.  abs.  to  63  lb.  abs.  Neg- 
lecting any  losses  in  the  nozzles  the  steam  velocity  as  it 
leaves  the  nozzle  at  each  stage  is 

V  =  8  ^  63,250  =  2,015  ft.  per  sec. 

The  relation  between  bucket  efficiency  (which  corre- 
sponds to  the  indicated  efficiency  in  the  engine)  and  the  buck- 
et speed  for  this  available  energy  is  shown  in  the  curve  given 
below. 
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Four  Stage  Turbine,  Two  Weeeis  per  Stage 
Available  Energy  per  STA-CiE  63250  Ft.  Lbs. 

It  is  evident  that  little  is  gained  by  a  higlier  wheel  speed 
tlian  500  ft.  per  second.  Indeed  the  best  results  Avould  be 
obtained,  in  all  probability,  at  about  480  ft.  per  sec.  since  the 
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rotjitioii  loss  which,  with  the  bucket  efficiency  governs  the 
shaft  efjdciency,  increases  very  rapidly  with  the  speed. 

The  size  of  the  nozzles  and  the  expansion  ratio  is  gov- 
erned by  the  flow  of  steam  through  orifices.  As  ll)ng  as  the 
pressure  at  the  nozzle  end  is  less  than  58%  of  the  initial 
pressure  and  the  steam  is  dry  and  saturated,  Napier's  law 

0.97 

p^P^ai  ^^^,  Grashofs  law  F=^^^ ^   give  results  which 

70  60 

closely  agree  with  observed  values. 

Of  the  two  laws,  Grashof's  seems,  however,  preferable, 
at  least  at  low  pressures,  where  Napier's  law  gives  values  of 
flow  somewhat  smaller  than  the  actual.  For  instance, 
whereas  the  two  laws  agree  within  about  2%  for  pressure 
ranges  from  80  to  200  lb.  with  a  pressure  of  15  lb.,  Napier's 
law  gives  values  about  7%  low  and  at  5  lb.  11%  too  low. 

Napier's  laAv  has  the  great  advantage  of  simplicity  and 
is,  therefore,  preferable  and  can  be  used  if  a  constant  is  ap- 
plied, which  depends  upon  the  initial  pressure. 
We  can  write: 


where 


F  rz=  flow  of  saturated  steam  in  lb.  per  second, 
p^  =  initial  pressure  in  11).  abs. 
a^  =  throat  area  in  square  inches. 
k  =  constant  =    .995  for  p^  =  200  lb.  abs. 
=^  1.        for  pi  =:=  175  lb.  abs. 


=  1.01    for  pi  =  120  lb.  abs. 

=  1.02    for  ]),  =    85  lb.  abs. 

=  1.03    for  pi  =    62  lb.  abs. 

=  1.01    for  Pi  =    47  11).  abs. 

=  1.06    for  Pi  =    25  lb.  abs. 

=  1.08    for  pi  =    13  lb.  abs. 

=  1.12    for  Pj  =      3.5  lb.  abs. 

The  flow 

with  superheated  steam  is  reduced 

each  100°  F. 

Thus,  the  equation  becomes: 

F=k^^'  (1  — .00065  ti) 
/O                              ^ 

6.5 ^f    fur 


where  t,  is  the  numVier  of  degrees  sui)er1ieat. 
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With  moist  steam  the  flow  is  increased  approximately 
inversely  as  the  square  root  of  the  quality  x. 

The  general  equation  of  steam  flow  therefore  when  p.>^  ' 
58pi,  whether  the  steam  is  superheated,  saturated,  dry  or 
moist,  can  be  closely  expressed  as: 

,  Pi  ai  (1  —  .00065  ti) 

F  =  k^^ — - 

70  Vx 

As  an  example  let 

Initial  pressure  p^  =  100  lb.  abs. 

Final  pressure  p.,  =  50  lb.  abs. 

Sup.  ti  =  100=  F. 

Area  a^  =  1  s(|uare  inch. 
We  have  then. 

k  =  1.015,  and  x  =  l. 

^  _  100  X  1  X  1.015  X  .035. 

^  —  ^,. =  1.35   lb.   per   sec. 

<0  ^ 

With  saturated  steam  the  flow  wouhl  liave  beeii 

^^        100  X  1  X  1.015         .   ..  ., 

F  = — =  l.lo  lb.  yjer  sec. 

And  with  steam  of  3%  moisture  the  flow  would  be 

-,.        100  X  1  X  1.015        ,   .^,  ,, 

F  =  — -/-^ —         ^1.48  lb.  per  sec. 

70  v^9r 

When  the  difterence  of  pressure  is  less,  that  is,  when 
P2>.58pi,  tlie  flow  through  a  given  orifice  is  less  than  given 
above  and  changes  with  tlie  shape  of  the  nozzle. 

Grashof  gives  the  following  formula  for  saturated: 

ko  pi  0.97  ai 

F  = 

Where 


60 

k,.  =  1  for 

P2 
Pl 

=  .58 

=  .0  '' 

=  76 

=  .8  '' 

=  .83 

=  .7  " 

=  .88 

=  .6  " 

=  .915 

=  .5  " 

=  .915 

=  A  '' 

=  .955 

=  .3  " 

=  .985 
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This  formula  lias  been  verified  by  Gutermutli  when  a 
non-expanding  nozzle  was  used.  With  a  nozzle  having  ex- 
pansion he  found,  however,  the  flow  to  be  somewhat  greater. 

Having  determined  the  velocities  of  the  steam  in  the 
various  paths,  and  from  steam  tables  the  volume,  we  can, 
of  course,  readily  proportion  the  actual  dimensions  of  the 
buckets. 

The  nozzle  throat  area,  that  is,  the  smallest  area  of  the 
nozzle,  is  found  from  the  equation  of  the  flow  of  steam. 

The  largest  area  of  the  nozzle  governed  by  the  expan- 
sion ratio,  is  determined  from  the  same  equations,  taking 
account,  of  course,  of  the  fact  that  almost  always  a  consid- 
erable part  of  the  steam  is  converted  into  water  by  the  ex- 
pansion in  the  nozzle,  and,  therefore,  the  area  is  less  than 
would  be  the  case  if  the  exhaust  were  dry. 

Other  important  features  enter,  of  course,  into  the  de- 
sign but  unfortunately  these  cannot  be  explained  briefly  or 
•by  equations.  Such  items  are  the  rotation  loss,  the  neces- 
sary practical  clearances  around  the  wheels,  the  effect  of 
highly  polished  nozzles  and  wheels,  etc.  These  details  must 
be  studied  experimentally,  not  onh^  with  each  type  of  tur- 
bine, but  with  different  sizes  of  the  same  type. 


Ekblaw — The  Erosion  of  Turbine  Blades.  23 

THE  EROSION  OF  TURBINE  BLADES. 


K.  J.  T.  Ekblaw,  B.  S.  in  M.  E.,  '09. 
Instructor  in  Farm  Mechanics. 


Practically  the  only  deterioration  occurring  in  a  steam 
turbine,  that  can  effect  the  steam  consumption  to  any  ap- 
preciable degree,  comes  from  the  cutting  action  of  the  steam 
or  water  upon  the  blades.  While  the  resultant  wear  from 
this  action  is  not  serious  in  most  cases,  there  are  occasions 
when  the  wear  may  be  so  great  as  to  cause  an  increase  in 
the  steam  consumption.  It  appears  to  be  a  well-established 
fact  that  steam  of  good  quality,  issuing  at  a  low  velocity 
from  an  orifice,  does  not  appreciably  erode  turbine  blades, 
yet  it  is  equally  true  that,  with  the  presence  of  moisture  in 
steam  moving  at  a  high  A'elocity,  the  erosion  occurs  at  a 
greatly  increased  rate. 

There  appears  to  be  an  almost  absolute  lack  of  data  of 
any  kind  relating  to  the  erosive  action  of  steam,  aside  from 
the  results  of  very  indefinite  experiments  conducted  by  Mr. 
Francis  Hodgkinson  in  1904,  in  which  he  only  ascertained 
that  the  wear  increased  with  increase  in  velocity  of  steam. 
To  obtain  some  reliable  data  concerning  this  question,  Mr. 
J.  E.  Wolf  and  the  writer,  in  fulfillment  of  thesis  require- 
ments, conducted  a  series  of  tests  upon  two  Kerr  turbine 
blades. 

T1ieo7ij  Concerned 

The  tlieory  concerned  in  the  tests  is  as  follows :  In  cal- 
culations concerning  the  flow  of  steam,  it  is  assumed  that 
the  flow  is  adiabatic,  and  then  corrections  are  made,  if  nec- 
essary, from  the  results  of  actual  tests.  This  assumption 
is  made  to  include  the  conversion  of  all  available  heat  en- 
ergy into  steam,  without  gain  or  loss  of  heat  through  con- 
duction, radiation,  friction,  or  otherwise,  and  the  perma- 
nence of  the  amount  of  energy  in  the  steam  at  all  steps  in 
the  process,  though  the  form  of  energ}^  may  be  changed. 
Suppose  that  steam  is  flowing  from  tlie  region  of  higher 
pressure  (pj)  througii  a  nozzle  to  a  region  of  lower  pres- 
sure  (po).     Under  the  assumption  made  above,  the  expan- 


24  The  Technograph. 

sion  is  a  frictionless,  adiabatic  one,  aud  the  drop  in  tlie  heat 
contents  (Hi-Ho)  is  used  to  increase  the  kinetic  energy-  of 
the  steam  jet.  If  (Vc^)  denotes  the  theoretical  velocity  of 
the  steam  issuing  from  the  nozzle,  then  the  kinetic  energy  of 

a  pound  of  steam  is  {— ^)  foot  pounds.     This  increase  in 

kinetic  energy  is  equivalent  to  the  heat  given  up  during  the 
expansion.  Since  one  British  Thernuil  Unit  is  equivalent  to 
778  foot-pounds,  the  work  equivalent  of  the  heat  given  up 
during  any  expansion  is 

W  =  778   (Hi  —  Ho) 

Substituting  for  (AV)  its  equivalent  wz 

^=7.78  (Hi-H-2),or 

vo  =  223.7  V Hi- H2  (1) 

Frictionless  flow  of  steam  is  never  obtained  in  practice, 
because  the  friction  of  the  nozzle  can  not  be  avoided.  A 
relation  can  be  determined,  however,  between  the  actual  and 
theoretical  velocities:  Let  (x)  be  the  fraction  of  the  heat 
drop  (Hi  —  Ho)  which  is  lost  in  friction.  Then,  from  form- 
ula, (1),  letting  (vj  be  the  actual  velocity. 

Vi'        ,,  ,    Vo' 

r-=   1-x)  -^  or 

2g      '         ^  2g 


V]  =  Vo  V  1-x  (2) 

Practice  has  shown  that  the  friction  loss  is  approxi- 
mately 10%  of  the  heat  drop  (Hj— Ho).  Then  1  —  x, 
where  (x)  ^0.10,  equals  approximately  0.95,  or  the  actual 
velocity  is  approximately  .1)5  of  the  theoretical  velocity. 

Description  0/  A pixirdtiis 

Two  sets  of  a])paratus  were  used  at  the  same  time  in  the 
performance  of  tlie  tests,  one  in  which  steam  of  the  best 
quality  obtainable  was  used,  and  the  other  in  which  com- 
paratively wet  steam  was  obtained.  Each  set  of  apparatus 
consisted  of  a  diaphragm,  or  x)late  of  cast  iron,  inserted  be- 
tween two  sections  of  six-inch  pipe.     One  of  these  pipes  was 
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connected  to  the  steam  main,  the  other  to  the  condenser, 
gate  valves  being  inserted  in  each  connection.  The  center 
of  the  diapliragm  was  bored  to  permit  the  insertion  of  va- 
rious nozzles  designed  for  different  steam  velocities,  a  steam 
tight  fit  being  made  between  the  nozzle  and  the  diaphragm. 
On  the  condenser  side  of  the  diaphragm  was  bolted  an  ad- 
justable bracket  for  holding  the  turbine  blade  directly  in 
front  of  the  nozzle  outlet.  Gages  were  connected  to  the 
pipe  on  either  side  of  the  diaphragm,  and  a  throttling  calori- 
meter was  connected  on  the  live  steam  side. 

Method  of  Performing  Tests. 

Steam  was  admitted  at  full  pressure  on  the  live  steam 
side  of  the  diaphragm,  and  allowed  to  tlow  through  the  noz- 
zle, striking  the  tur})ine  blade  at  approximateh^  the  same 
angle  at  which  the  entering  steam  strikes  the  blades  in  a 
turbine.  Tests  of  ten  hours  duration  were  made,  readings 
being  taken  at  fifteen  minute  intervals  of  the  steam  in  the 
calorimeter  and  of  the  pressures  of  the  steam  on  either  side 
of  the  diaphragm.  At  the  end  of  each  test,  the  blade  was 
removed  from  the  apparatus  and  carefully  cleaned,  dried,  and 
weighed. 

By  means  of  the  valve  in  the  pipe  on  the  exhaust  side 
of  the  diaphragm,  the  steam  pressure  could  be  regulated  so 
as  to  obtain  any  desired  velocity  through  the  nozzle.  Con- 
stant pressures  on  the  steam  side  were  maintained  as  nearly 
as  possible  throughout  each  test.  In  order  to  study  the 
effect  of  wet  steam,  the  pipe  on  the  live  steam  side  of  one  set 
of  apparatus  was  wrapped  in  waste,  over  which  a  continual 
stream  of  cold  water  Avas  kept  running.  This  caused  suffi- 
cient condensation  within  the  pipe  to  reduce  the  quality  of 
the  steam  by  approximately  two  per  cent. 

In  the  first  set  of  apparatus,  the  steam  as  obtained  from 
the  steam  mains  was  used;  it  had  an  everage  quality  of 
99.5%.  In  the  second  set  the  quality  of  the  steam  was  re- 
duced to  apiu'oximately  97.5%.  Low  steam  velocities  were 
used  to  begin  with,  the  first  determination  being  made  with 
an  exhaust  pressure  as  near  as  possible  to  the  critical 
(or  0.577  of  the  initial  pressure).  The  velocity  was  then 
increased  by  increments  of  approximately  500  feet  per  sec- 
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Olid,  at  least  two  tests  being  run  at  each  velocity,  until  a  ve- 
locity of  approximately  aOOO  feet  per  second  was  obtained. 

Discussion  of  Results. 

The  results  of  the  exi)eriments,  as  shown  in  Fig.  1,  in- 
dicate quite  detinitely  the  action,  upon  the  turbine  blades, 
of  steam  of  different  qualities  moving  at  various  velocities. 
The  most  important  result  achieved  was  the  collection  of 
sufficient  data  to  make  a  comparison  of  the  relative  erosive 
effects  of  dry  and  of  wet  steam,  and  of  steam  flowing  at  low 
and  at  high  velocities. 
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On  blade  number  one,  against  which  comparatively  dry 
steam  impinged,  the  total  number  of  hours'  test  was  150, 
with  a  resultant  total  w^ear  of  0.0416  grams.  On  blade  num- 
ber two,  subjected  to  the  flow  of  wet  steam,  but  100  hours 
of  test  were  made,  y^t  the  wear  was  0.5713  grams,  or  ap- 
proximately nine  times  as  much  as  in  the  first  instance.  The 
quality  of  the  steam  in  the  second  case  (97.5%)  was  but 
two  percent  lower  than  that  in  the  first  case,  and  even  at  tliat 
may  be  considered  commercially  dry  steam.  It  will  be  noted 
that  in  the  case  of  both  blades  there  was  a  great  amount  of 
wear  in  the  first  one  or  two  tests;  this  was  probably  due  to 
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the  polishing  away  of  little  projections  on  the  surface  of  the 
blade  which  were  not  removed  by  machinery. 

It  must  be  borne  in  mind  that  in  these  tests  the  velocity 
of  the  steam  was  absolute,  and  that  in  a  turbine  the  effective 
velocity  is  the  velocity  relative  to  the  buckets.  Since  in 
the  Kerr  turbine  (the  type  from  which  the  blades  used  were 
obtained)  the  nozzles  are  converging  and  the  absolute  ve- 
locity of  the  steam  is  not  over  1400  feet  per  second,  the  de- 
termination of  the  velocity  of  the  steam  relative  to  the  blades 
brings  the  effective  velocity  down  to  about  1200  feet  per 
second,  a  velocity  so  low  that  its  effect  upon  the  blades  is 
almost  inappreciable. 
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PERMISSIBLE  EXPLOSIVES  USED  IN  COAL  MINES. 


J.  J.  KUTLEDGE.  Ph.D. 

Minino-  Engineer  and  Geolosjist. 


Owing  to  numerous  disastrous  explosions  in  the  coal 
mines  of  the  United  States,  which  are  believed  in  many  eases 
to  have  been  caused  by  the  use  of  black  blasting  powder,  the 
manufacture  of  permissible  explosives  has  increased  rapidly 
during  the  last  two  years.  At  the  present  time  these  ex- 
losives  are  used  in  many  of  the  mines  in  Western  Pennsyl- 
vania, and,  to  a  limited  extent,  in  tlie  mines  of  Northern  and 
Southern  West  Virginia,  in  Southern  Illinois,  Eastern  Okla- 
homa, and  in  Alabama,  and  it  is  (juite  probable  that  their  use 
will  be  very  greatly  extended  during  the  coming  year. 

The  various  permissible  explosives  may  be  divided  into 
three  classes.     First :     those  known  as  Ammonium  Nitrate 
explosives;  Second:     the  Nitro  Glycerine  explosives;  Third: 
the  Hydrated  explosives. 
Tamping. 

Permissible  explosives  are  usually  tamped  with  moist 
clay.  The  clay  is  made  up  into  dummy  cartridges  of  about 
one  foot  in  length  and  of  slightly  smaller  diameter  than  the 
drill  hole.  A  wood  rod  which  is  about  one  foot  longer  than 
the  drill  hole  is  used  to  tamp  the  explosive.  In  some  coal 
fields,  air  spaces  are  left  between  the  tamping  in  order  to 
lessen  the  force  of  the  explosive  and  adapt  it  to  the  particular 
coal  being  blasted.  There  is  considerable  variation  in  the 
degree  to  which  the  tamping  is  tamped,  some  permissible  ex- 
plosives requiring  tight  tamping,  while  others  require  loose 
tamping  in  order  to  yield  best  execution. 
Firing. 

In  some  coal  fields  permissible  explosives  are  fired  by 
fuse  and  detcmator,  but  fuse  firing  is  attended  with  many 
dangers,  probably  the  most  serious  of  which  is  the  ignition 
of  bodies  of  standing  gas  by  the  naked  fiame  employed  to 
light  the  fuse,  or  by  the  spitting  of  the  fuse  itself.  The  best 
practice  is  to  explode  the  shots  by  electricity,  as  this  is  very 
much  safer  than  using  fuse. 
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In  some  cases  the  miners  lire  their  own  shots,  in  which 
event  fuse  is  generally  employed.  However,  such  a  plan 
does  not  yield  as  good  results  as  firing  by  electricity.  The 
cost  of  the  electric  detonators  is  al)0ut  the  same  as  that  of 
blasting  fuse  of  the  same  lengtli,  and,  for  this  reason,  if  for 
no  other,  electric  detonators  should  be  employed. 

The  permissible  explosive  shots  are  often  fired  by  spe- 
cial sliot  firers,  who  patrol  the  working  places  and  fire  the 
shots  upon  request  of  the  miners.  These  shot  firers  carry 
a  magneto  electric  machine  in  some  cases,  in  others  an  elec- 
tric shot  firing  lamp,  and  in  still  others,  a  one  or  two-cell 
<lry  battery  with  a  safety  contact  button.  They  fire  the  shots 
in  most  instances  while  the  miners  are  still  in  the  mine.  A 
careful  inspection  is  made  of  each  shot  hole  previous  to  load- 
ing and  tamping  it,  and  tlie  shot-firer  satisfies  himself  that 
the  place  is  securely  timbered  up  to  working  distance  of  the 
face  before  beginning  his  work.  If  tlie  shot  hole  is  not  prop- 
erly located,  or  the  place  is  not  well  timbered,  in  tlie  shot 
firer's  estimation,  the  shot  is  not  fired. 

In  some  fields  the  entry  or  district  bosses  act  as  shot 
firers.  One  shot  firer  is  usually  sufficient  for  eacli  200-300 
gross  tons  of  output.  Usualh^  the  company  pays  tlie  shot 
firers,  though  not  always.  The  cost  is  about  one  cent  j^er 
gross  ton  of  output,  in  cases  where  data  Avas  available,  but 
it  may  in  special  cases  amount  to  as  much  as  two  cents  per 
gross  ton.  Firing  shots  by  special  shot  firers  is  more  sys- 
tematic, more  economical,  and  generally  yields  much  better 
results  than  firing  by  miners. 

Gas. 

In  high  volatile  coal  beds,  making  considerable  fine  dust 
and  generating  considerable  inflammable  gas,  the  use  of  per- 
missible explosives  is  absolutely  necessary  (m  account  of  the 
ignition  of  bodies  of  standing  gas  in  the  working  places  by 
the  flame  yielded  by  black  powder.  When  properly  pre- 
pared, the  permissible  exi)losives  are  practically  flameless 
and  there  is  freedom  from  gas  or  dust  ignitions. 

Ignitions  of  gas  or  firing  of  the  coal  face,  after  the  firing 
of  permissible  explosives,  are  rare,  but  occasionally  oc- 
cur. In  nearly  every  case,  so  far  as  observations  extended, 
these  ignitions  resulted  either  from  defective  explosives  or 
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from  the  near  approach  of  a  naked  lamp  to  the  coal  face 
immediately  after  the  firing  of  the  shot. 

Cost. 

The  price  paid  per  pound  for  permissible  explosives  fur- 
nished the  miner  by  the  companies  varies  from  12  to  14  cents. 
As  a  rule  there  is  no  profit  made  on  the  explosive,  the 
amount  charged  only  covering  the  wholesale  cost  of  the  ex- 
plosive with  the  expense  of  handling  same  added.  Gener- 
-ally  tlie  miner  pays  one-half  cent  per  foot  for  fuse  and  from 
one-half  to  three-quarters  of  a  cent  each  for  detonators.  The 
electric  detonators  cost  from  3  to  5  cents  each,  depending 
on  their  relative  strength  and  length  of  wires.  Usually 
when  such  are  used  the  coal  company  furnishes  them  to  the 
miner  free  of  cost. 

From  data  obtained  from  numerous  coal  companies  in 
various  parts  of  the  country,  who  are  using  the  permissible 
explosives,  the  cost  of  sucli  explosives  to  the  miner  varies 
from  one  to  one  and  three-quarter  cents  per  gross  ton  of 
coal  produced.  This  is  exclusive  of  cost  of  shot  firing,  as 
these  firers  are  in  most  cases  paid  by  the  companies.  Their 
cost  should  not  be  more  than  two  cents  per  gross  ton  of  coal 
mined,  and  in  most  cases  varies  from  one  to  one  and  one-half 
cents  per  gross  ton. 

Comparative  Amount    of   Small    Coal   Produced    hi/   Black 
Powder  and  Permissibles. 

Data  as  to  the  relative  amounts  of  fine  coal  produced  by 
black  poAvder  and  permissible  explosives  is  not  easily  ob- 
tained, owing  to  the  relatively  recent  introduction  of  the 
latter,  and  the  additional  fact  that  they  are  mostly  used  in 
fields  where  the  car  system  of  paying  for  coal  mined  pre- 
vails, in  which  system  the  miner  is  paid  a  certain  amount  for 
each  mine  car  loaded,  and  the  coal  is  not  weighed  in  the  mine 
car,  hence  the  amount  of  coal  mined  is  not  readily  ascer- 
tained. Estimates  by  mine  superintendents  and  data  from 
screening  tests  vary  from  zero  to  ten  per  cent  as  the  in- 
creased amount  of  fine  coal  due  to  the  use  of  permissible  ex- 
plosives. Some  mine  superintendents  state  that  while  the 
lumps  of  coal  yielded  by  permissible  explosives  are  usually 
somewhat  smaller  than  tliose  from  black  powder,  still  the 
aggregate  amount  of  coal  passing  over  the  same  size  screen 
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is  no  different  in  either  case.     This  opinion  is  expressed  by 
€oal  mine  superintendents  in  widely  separated  coal  fields. 

The  i^ermissible  explosives  are  much  stronger  and  quick- 
er than  black  powder,  and  must  inevitably  shatter  the  coal 
more  than  black  powder  when  in  the  hands  of  men  inexper- 
ienced in  their  use.  However,  a  considerable  amount  of  the 
difference  should  justly  be  charged  to  the  inexperience  of  the 
person  using  the  permissible  explosives.  In  most  cases, 
where  care  and  judgment  are  used  and  the  coal  has  been 
previously  properly  undercut,  the  permissible  explosives 
make  as  good  coal,  at  approximately  the  same  cost,  as  black 
powder. 

Failures. 

Failures  of  permissible  explosive  shots  may  be  due  to 
four  causes : 

First.     Frozen  or  deteriorated  powder. 
Second.     Improper  detonation;  that  is,    the   detonator  used 
was  too  weak  to  detona;te  the  charge. 
Third.     A  displaced  detonator. 
Fourth.     The  wires  on  the  electric  detonator  may  have  lost 
part  of  their  insulation,  or  the  same  accident  may 
have  happened  the  leading  wires  extending  from 
the  electric  detonator  to  the  magnetic  machine. 

Advantages. 

When  permissible  explosives  are  properly  employed, 
ignitions  of  standing  gas  or  broken  coal  are  very  rare.  The 
roof,  whether  of  coal,  slate  or  shale,  is  not  shattered  as  much 
as  it  is  wlien  black  powder  is  used.  In  some  coal  fields  the 
ribs  are  much  better  trimmed  by  permissible  explosives  than 
by  black  powder,  and  in  one  case  there  was  an  increase  of 
11/2  tons  per  cut  over  black  powder,  owing  to  this  trimming 
effect.  On  the  other  hand,  when  the  drill  hole  is  drilled  on 
to  the  solid,  the  new  explosives  merely  expend  their  energy 
at  the  end  of  the  hole,  forming  a  crater  at  that  point,  but  not 
cutting  ahead  on  the  solid.  If  black  powder  is  thus  placed, 
windy  shots  often  result,  while  with  permissible  explosives 
this  rarely  occurs.  Moreover,  the  ribs  cannot  be  stepped  or 
robbed  by  drilling  holes  on  to  the  solid  as  they  can  when 
black  powder  is  employed.     Coal  blasted  by  permissible  ex- 
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])losivos  is  not  scattered  over  the  job,  nor  are  tlie  tinil)ers  dis- 
])laced,  as  is  often  the  ease  when  nsinji'  bhickpowder.  Gen- 
erally, the  position  of  shot  lirer  is  more  easily  tilled  when 
])erniissible  explosives  are  employed  in  blasting.  The  miner 
recpiires  less  tools  to  prepare  his  shots  for  permissible  ex- 
ploives  than  for  black  powder.  These  explosives  being  mncli 
stronger  than  black  powder,  the  same  effective  charge  usually' 
occnpies  abont  one-half  the  space  that  a  black  i)owder  charge 
of  the  same  strength  wonld,  hence  there  is  much  more  tamp- 
ing on  the  permissible  explosive  than  on  the  black  poAvder 
charge  and  a  relative  increase  in  safety.  Since  infinitely 
less  smoke  results  from  the  use  of  permissible  explosives  than 
from  black  powder,  the  miner  has  a  better  opportunity  to 
examine  the  roof  and  sides  after  blasting  and  there  is  a  cor- 
responding increase  in  safety. 

Most  prominent  among  the  disadvantages  connected 
with  the  use  of  permissible  explosives  are  the  following: 
Nearly  all  of  them  freeze  at  a  rather  high  temperature  and 
require  careful  thawing  before  they  can  be  safely  used. 
There  is  some  variation  in  the  diameters  of  the  cartridges  of 
various  manufacturers  and  this  fact  causes  trouble  when,  one 
brand  is  susbstituted  for  another.  When  black  powder  is 
fired,  but  two"  factors  are  concerned  in  the  explosion,  viz : 
the  fuse  or  squib,  and  the  powder,  while  with  the  permiss- 
ible explosives  there  are  three  factors  concerned  in  the  explo- 
sion, viz :  the  explosive  proper,  the  electric  detonator,  and 
the  magneto  machine.  The  failure  of  any  one  of  these  three 
to  act  properly  will  result  in  a  failure  of  the  blast. 
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ENGINEERING   SHOP   PRACTICE;   ITS   RELATION 
TO  MANUAL  TRAINING. 


Fred  Duane  Crawshaw,  M.  E. 
Assistant  Deau,  College  of  Engineering. 


Manual  training  is  a  term  applied  to  hand  work  taught 
in  schools  which  are  designed  to  give  instruction  to  students 
in  the  underl^dng  principles  of  industrial  and  shop  proces- 
ses. It  is  considered  a  subject  of  cultural  as  well  as  of  tech- 
nical value  because  it  is  supposed  to  deal  with  the  fundamen- 
tals of  education  while  it  is  training  him  in  certain  technical 
processes  and  giving  him  a  certain  skill  in  the  handling  of 
tools. 

The  mere  fact  that  manual  training  is  generally  conced- 
ed to  have  a  two-fold  object,  viz. :  educational  in  the  broad 
sense  of  this  term,  and  instructional  in  the  technical  sense — 
has  led  to  a  great  diversity  of  opinion  concerning  the  nature 
of  manual  training  courses.  Some  educators  contend  that 
all  manual  training  from  the  kindergarten  through  the  high 
school  must  be  based  upon  psychological  and  pedagogical 
principles.  This  has  been  the  means  of  forming  different 
schools  or  classes  of  manual  training  teachers,  such  as  the 
social-industrial  school,  the  ethical  culture  school  and  others; 
each  having  certain  laws  Avhich  have  been  established  b}^  the 
psychologists  and  students  of  education.  Another  class  of 
manual  training  teachers,  generally  those  whose  early  train- 
ing was  in  the  engineering  schools  or  in  the  industries  holds 
tliat  manual  training,  especially  in  the  high  school,  must  be 
I)reparatory  to  engineering  and  industrial  activities.  Con- 
sequently, it  must  deal  jointly  with  technical  and  industrial 
processes  and  therefore  develop  skill. 

While  it  is  true  that  manual  training  first  got  its  basic 
principles  from  such  great  educators  as  Froebel  and  Pess- 
talozi,  who  studied  the  education  of  very  young  children,  it 
is  also  true  that  in  this  country  manual  training  was  devel- 
oped by  men  who  were  primarily  interested  in  manufacture 
and  the  education  of  mechanical  specialists.  In  consequence 
of  this  last  fact,  in  the  United  States  it  was  started  in  the 
upper  high  school  grades  with  boys  and  girls  just  entering 
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into  manhood  and  womanhood.     From  this  point  it  worked 
down  through  the  grades  to  the  kindergarten. 

Manual  training  started  in  the  United  States  in  such 
educational  centers  as  the  old  Mechanic  Arts  High  School  in 
St.  Louis,  the  Manual  Training  High  School  in  Chicago,  and 
tlie  Mechanical  Department  of  Purdue  University.  It  was 
given  a  great  impetus  in  these  centers  because  it  Avas  advo- 
cated that  boys  and  girls — and  in  the  early  years  boys  were 
considered  principally — should  be  taught  to  use  their  hands 
so  that  when  they  left  the  high  school,  they  would  be  pre- 
pared for  a  life  of  industrial  activity  as  mechanics  and  as 
foremen  and  superintendents  in  manufacturing  plants.  A 
definite  bread  and  butter  value,  therefore,  was  given  to  the 
work  of  these  schools,  with  the  result  that  elaborate  equip- 
ments were  installed  for  training  in  several  branches  of  me- 
chanical work.  The  wood  shop,  forge  shop,  foundry  and 
machine  shop  very  early  became  the  places  for  manual  train- 
ing work. 

Now  this  shop  organization  in  the  manual  training 
school  soon  became  the  beginning  of  one  of  two  things. 
First:  A  training — more  or  less  inadequate  to  be  sure — for 
the  trades;  or  Second:  A  training  in  the  direction  of  engi- 
neering education.  This  latter  development  came  when,  as 
students  pursued  their  work  in  the  manual  training  shops 
and  as  engineering  work  in  this  country  assumed  the  dignity 
of  a  profession,  there  dawned  upon  the  school  authorities  the 
possibilities  of  manual  training  as  a  preliminary  step  toward 
engineering. 

Today,  then,  we  have  three  distinct  types  of  manual 
training  schools  in  America  : — 

a.  The  manual  training  school  which  bases  its  course 
upon  educational  theory  as  developed  in  schools  of  education 
in  such  departments  as  those  of  psychology  and  cliild  study. 
These  scliools  produce  teachers  and  philosophers  rather  than 
mechanics  and  engineers. 

1).  The  manual  training  school  which  is  located  in  a 
commercial  and  industrial  center  and  is  governed  by  a  body 
made  up  largely  of  men  from  the  industrial  world.  Schools 
of  tliis  type  have  for  many  years  turned  out  men,  a  large 
percentage  of  whom  have  gone  into  manufacturing  establish- 
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ments,  but  wlio  have  been  found  rather  poorly  prepared 
either  as  mechanics  or  men  who  become  efficient  foreman  and 
superintendents. 

c.  The  manual  training  school  which  has  the  same  re- 
lation to  the  engineering  college  as  the  academy  has  to  the 
college  of  liberal  arts.  These  schools  have  given  to  their 
graduates  a  desire  to  do  some  da}'  a  high  grade  of  investi- 
gational or  experimental  work  in  applied  science,  and  so  they 
have  found  a  place  in  colleges  of  science  and  colleges  of  en- 
gineering. 

In  manual  training  shop  courses  in  schools  under  head- 
ing a,  one  finds  work  being  done  which  has  a  distinct  theo- 
retical basis.  The  course  of  study  is  based  upon  an  outline 
which  in  many  cases  has  been  furnished  by  the  school's  De- 
partment of  Education.  Particular  attention,  therefore,  is 
paid  to  the  working  out  of  educational  theory  in  the  devel- 
opment of  motor  activities.  The  subject  of  interest  is  often 
given  first  consideration,  and  in  not  a  few  cases  a  miscon- 
ception of  this  much  abused  word  is  the  result.  Pupils  are 
allowed  to  start  large  projects  without  much,  if  any,  prepa- 
ration in  tool  manipulation.  Furthermore,  the  object  of  this 
kind  of  work  is  neither  technical  skill  nor  the  completion  of 
objects  which  have  a  distinct  utilitarian,  industrial  or  shop 
value.  Rather,  the  object  seems  to  be  gratification  of  child- 
ish whims.  In  such  courses  students  are  liable  to  find  that 
they  have  overestimated  their  ability.  Before  their  under- 
taking has  assumed  any  definite  proportions  they  are  dis- 
couraged and  the  project  is  abandoned.  The  value  of  con- 
stancy of  purpose,  which  always  results  in  the  building  of 
character  when  a  problem  is  continued  to  its  completion,  is 
lost  as  is  also  the  prime  motive  of  such  a  course,  viz :  the 
working  out  of  the  child's  own  ideas.  In  fact  nothing  seems 
to  have  been  gained  in  such  a  process.  It  is  a  question  if  the 
student  has  not  actually  lost,  because  his  lack  of  success  has 
developed  in  him  just  the  reverse  of  those  sterling  qualities 
M'hich  count  for  success  in  men's  achievements. 

The  shops  in  such  schools  are  not  infested  with  the  spirit 
of  investigation,  neither  are  they  commercial  in  the  sense 
that  the  spirit  of  industrialism  pervades  them.  They  are 
neither  laboratories  nor  shops  in  the  best  sense.     It  is  pos- 
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sible  that  the  trtiiiiiiij;  iTt-eivcd  in  thciii  leads  toward  peda- 
«i<)<»ical  research,  but  it  certainly  does  not  lead  toward  coni- 
njercial  or  engineerin<;'  activities. 

Shop  courses  in  manual  training-  schools  of  type  h  are 
the  ones  having  most  prominence  at  the  present  day,  prin- 
cipally because  they  are  the  oldest.  They  started  as  a  result 
oi  a  feeling  on  the  part  of  some  educators  and  many  busi- 
ness men  tliat  the  ordinary  high  school  courses  does  not  give 
a  boy  a  training  which  will  enable  him  to  make  a  living. 
Courses  in  these  schools  are  not  designed  nor  are  they  con- 
structed to  teach  trades;  they  are  planned  to  teach  the  fun- 
<1amentals  of  trades  and  to  develop  more  of  the  human  facul 
ties  than  the  courses  in  the  ordinary  literary  or  classical  high 
school  develoi).  As  a  rule  they  have  accomplished  their  pur- 
])ose.  They  do  not,  however,  unless  the  school  has  truly  be- 
come a  trade  school,  make  bread  winners.  The  result  of  this 
<lcticiency  has  led  to  the  present  wave  of  industrialism  in 
f^ducation,  Avhich  is  forming  juiblic  opinion  in  favor  of  the 
trade  and  industrial  school. 

Sho})  courses  in  these  schools  are  based  upon  established 
educational  theory  and  upon  fundamental  trade  principles. 
They  have  won,  therefore,  the  commendation  of  educators 
and  manufacturers.  The  mechanical  processes  that  are 
taught  generally  develop  in  the  student  clear  thinking  and  a 
fair  (legTee  of  technical  skill.  They  usually  open  the  eyes  of 
the  student  to  this  extent :  he  is  able  on  the  completion  of 
his  high  school  course  to  determine  whether  or  not  he  is 
adai>ted  for  meclianical  ])ursuits.  As  a  result  of  this  decision, 
most  graduates  from  these  courses  make  few  serious  mistakes 
in  choosing  their  careers.  They  at  least  serve  as  a  coarse 
screen  to  separate  lM)y«  of  mechanical  bent  from  all  others. 
As  a  rule  these  boys,  who  find  themselves  in  the  })reparatory 
(lass  for  engineering,  either  pursue  their  studies  in  an  en- 
giiUMM'iiig  college  or  at  once  (Miter  u])on  some  mechanical  or 
industrial  ])ursuit. 

WJiile  it  is  true  that  some  of  the  students  from  type  h 
schools  (mt(M*  engine(^ring  colleges,  it  is  quite  as  true  that  they 
do  so  in  s])ite  of  these  schools  rather  than  because  they  got 
pr(^paration  for  tlie  engin(^ering  colh^cvs  in  these  scliools. 
Since  the  engineering  college  has  come  into  ])r(miinence,  the 
manual  training    schools    have    naturally    consid(n'(^d  them- 
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selves  feeders  for  the  engiueering  college.  As  a  result,  some 
of  the  manual  training  scliool  shop  courses,  as  well  as  other 
courses  in  these  schools,  have  been  changed  to  prepare  bojs 
definitely  for  engineering  work.  It  is  not  uncommon  for  a 
boy  to  say  on  entering  a  manual  training  school,  "I  wish  to 

prepare  for  -^ "  (giving  the  name  of  an  engineering 

college ) .  If  the  school  has  met  the  demand  of  such  students, 
it  has  modified  its  shop  courses,  so  that  for  this  particular 
class  of  students  ri  engineering  tone  is  given  to  their  shop 
work.  Some  schools  have  even  gone  so  far  as  to  separate  into 
different  shop  classes  those  who  propose  entering  engineer 
ing  colleges  and  those  who  intend  to  leave  school  with  the 
completion  of  their  high  school  work. 

Now  the  secondary  school  shop  course,  which  prepares 
for  engineering  college  shop  Avork,  differs  principally  from 
the  shop  course  given  other  students  in  these  particulars: — 

Isf  Students  are  constantly  led  to  see  that  their  shop 
work  means  to  them  advanced  credit  in  the  engineering  c(d- 
Icge.  Tliis  means  that  the  high  school  attempts  to  duplicate 
thfc  shop  work  of  the  engineering  course. 

2n<l  The  sliop  courses  are  planned  to  correlate  with  the 
science  departments,  so  that  a  knowledge  of  physical  and 
chemical  laws  is  exemplified  in  the  shop  work. 

3nl  Mathematics  is  applied  in  the  shop  work  and  given 
a  turn  Avhich  leads  the  student  to  think  of  the  mathematics- 
shop  coml)ination  in  future  engineering  study. 

■itJi  Laboratory  experiments  are  performed  in  the  shop 
and  are  given  in  connection  witli  shop  problems  as  character- 
istic parts  of  shop  courses.  Speed  tests  and  calculations, 
power  measurement  and  efficiency  tests,  simple  tests  in 
stength  of  materials — such  as  bending  and  breaking  under 
different  conditions — ,  and  nunK^'ous  other  ordinary  labora- 
tory operations  are  used  to  embellisli  and  vitalize  the  shop 
work. 

Now  it  must  be  evident  because  of  the  variety  of  pur- 
pose in  tliese  higii  school  shop  courses,  and  the  self  sufficiency 
of  or  lack  of  real  purpose  in  the  engineering  college  shop 
courses,  that  the  sliop  preparation  which  the  engineer  of 
today  gets  is  eitlier  a  series  of  du])lications  or  else  a  combi- 
nation of  theory  and  i)ractice,  whirli  nmy  or  may  not  meet 
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lii.s  needs.  With  this  analysis  of  the  present  situation,  it  is 
my  purpose  to  outline  in  some  detail  certain  phases  of  shop 
courses  wliicli,  through  the  high  school,  but  more  particular- 
ly in  the  engineering  college,  will  be  engineering  as  well  as 
mechanical  in  character.  Before  doing  this,  however,  I  sug- 
gest tlu'  following  kinds  of  shop  work  through  the  high  school 
and  college,  wliich  seem  to  me  essential  for  the  student  who 
is  being  educated  in  the  direction  of  engineering.  In  doing 
this  I  am  not  supposing  that  other  lines  of  work  might  not 
well  be  offered.  S^uch  other  work,  however,  is  not  considered 
o^  first  importance  for  the  student  iu  question. 

Istf  Woodwork  in  the  following  order: — Bench  work» 
turning,  pattern  making  and  framing. 

'2ii<]  Metal  work  in  the  following  order: — Bench  work 
including  chipping  and  filing  and  sheet  metal  work,  speed 
lathe  hand  tool  turning  and  spinning,  forging  and  machine 
construction  Avith  laboratory  practice  as  a  necessary  adjunct. 

Srd  Foundry  work  in  the  following  order: — Snap  flask 
molding,  loam  molding,  metal  mixing  and  testing. 

It  is  assumed  that  in  connection  with  the  above  lines  of 
work  an  intimate  correlation  will  be  developed  between  the 
shops  and  the  science  and  testing  laboratories;  otherwise  a 
fourth  line  of  work  would  be  indicated,  which  would  outline 
the  experimental  and  investigational  side  of  the  shop  courses. 
It  is  also  assumed  that  problems  of  economy  of  labor  and 
production  will  be  made  prominent  in  the  above  outlines. 

Below  appear  some  of  the  essentials  in  each  of  the  above 
suggested  courses. 

Is't  WOODWOEK 

As  manual  training  is  now  organized,  bench  work  in 
wood  is  very  often  begun  iu  the  ui)per  two  grades  of  the  gram- 
mar school  and  continues  through  the  first  and  sometimes 
through  the  first  two  years  of  the  high  school.  If  this  is  the 
case,  the  course  sliould  be  so  planned  for  these  years  that 
there  will  be  little  if  any  duplication  of  effort  when  the  stu- 
dent leaves  the  grammar  school  and  enters  the  high  school. 
The  continuity  of  the  work,  as  well  as  its  character,  should 
make  a  lack  of  interest  on  tlie  part  of  the  student  impossi- 
ble.    Stress  sliould  be  laid  u])on  the  i)lace  wood  should  have 
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in  machanical  and  enginering  work  by  introducing  problems 
which  have  a  direct  bearing  npon  practical  out-of-school 
problems,  and  by  giving  illustrated  talks  which  will  forcibly 
demonstrate  the  use  of  wood  in  general  construction  work. 
It  is  quite  essential  in  these  early  years  that  the  student 
should  be  impressed  Avith  the  fact  that  an  accurate  determi- 
nation of  sizes  in  construction  is  quite  as  necessary  as  accu- 
rate construction  itself.  To  this  end  the  course  should  pro- 
Aide  for  testing  wood  and  different  kinds  of  wood  used  under 
different  conditions.  Without  the  mathematical  knowledge 
necessary  to  calculatje  for  safety  in  construction,  simple  de- 
vices may  be  planned  to  show  by  experimental  means  the 
comparative  strength  of  different  woods  and  different  sized 
pieces  of  the  same  kind  of  wood.  Such  work  will  early  lay 
the  foundation  for  independent  thought  and  investigation  on 
the  part  of  the  student. 

xit  the  end  of  the  first  two  years  in  the  high  school,  the 
average  student  should  know  how  to  handle  and  be  able  to 
do  good  work  with  the  ordinary  woodworking  tools  and  ma- 
chiner3^  In  addition  to  this,  he  should  have  developed  a 
judgment  upon  wood  construction,  which  will  enable  him  to 
select  the  best  woods  and  use  the  most  effective  joints  for 
ordinary  wood  construction  that  does  not  involve  the  use  of 
elementary  mechanics.  I  would  exclude  from  the  course  up 
to  this  point  problems  in  roof  and  bridge  construction,  which 
are  sometimes  given  in  high  school  courses  for  the  first  two 
years. 

A  course  in  wood  turning  and  pattern  making  follows 
the  course  in  bencli  and  machine  work  in  wood.  Inasmuch 
as  pattern  making  involves  the  use  of  wood  turning  tools,  I 
deem  it  wise  to  carry  on  courses  in  wood  turning  and  pattern 
making  simultaneously.  Time  is  gained  by  this  arrangement 
and  besides,  the  student  applies  his  wood  turning  in  a  work 
which  has  a  trade  significance  and  therefore,  at  least,  an  en- 
gineering bearing. 

The  usual  method  of  teaching  wood  turning  is  to  demon- 
strate and  explain  how  each  of  a  number  of  articles  are 
turned.  To  my  mind,  the  result  of  this  is  mentally,  as  well 
as  physically,  a  mechanical  process.  If  so,  the  student  be- 
comes by  this  method  an  operator  through  continued  prac- 
tice.    He  does  not,  however,  necessarity  become  a  thinking 
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o]>or;itoi*.  I  am  sure  that  in  all  wood  tiii'nin<2;  a  inatlieniati- 
t-al  analysis  is  pdssibU*,  and  that  the  method  of  teaching  it 
is  m)t  by  showino-  the  stndent  Jioir  to  turn  a  particular  form, 
but  ichij  the  tool  is  used  in  a  i)articular  way  to  accomplish 
certain  results.  The  mathematical  principle  of  tangency  is 
the  basis  of  all  wood  turning  cuts ;  and  Avlien  the  student  has 
a  knowledge  of  this  fact  and  appreciates  its  application  in 
the  use  of  each  woodturning  tool,  he  has  mastered  the  art  of 
woodturning.  He  may  then  accjuire  skill  in  wood  turning 
in  a  course  in  pattern  making,  rather  than  by  turning  exer- 
cises which  have  no  meaning  for  him  except  as  practice  work. 

For  the  student  who  is  looking  toward  engineering  as 
Lis  life  work,  the  why  of  any  problem  is  (piite  as  essential 
as  the  how,  and  for  this  reason,  if  for  no  other,  the  method 
of  ap])roach  above  indicated  is  a  desirable  one  to  develop  a 
correct  mental  attitude. 

The  first  work  in  pattern  nuiking,  and  the  only  work  in 
this  branch  of  wood  construction  which  sliould  be  taught  in 
the  high  school,  must  deal  with  the  principles  underlying  the 
pattern  maker's  trade.  There  is  so  much  involved  in  pattern 
making  which  refpiires  a  knowledge  of  other  trades,  that  the 
higli  school  student  has  (^uite  enough  to  do  to  master  and 
api)y  the  principles  of  shrinkage,  draft,  finish,  etc.,  together 
with  gaining  a  correct  kno^^'ledge  of  ordinary  pattern  con- 
struction. I  would  reserve  for  tlie  college  course  in  pattern 
making  all  work  in  machine  pattern  making,  including  prob- 
lems in  design,  testing  and  economic  production. 

The  student's. shop  work  in  wood  in  his  engineering  col- 
lege course  is  limited  to  a  course  in  pattern  making,  sug- 
gested in  the  last  sentence  of  the  above  paragraph,  and  to  a 
course  in  framing.  If  the  student's  high  school  course  in 
]){ittern  making  has  been  of  the  character  above  described, 
his  college  course  in  this  subject  need  lay  very  little  stress 
upon  which  has  been  called,  ''the  principles  underlying  the 
pattern  maker's  trade".  He  nuiy  at  once  begin  the  construc- 
tion of  patterns  for  machine  parts.  In  doing  so  he  sh(mld 
he  brought  face  to  face  w  ith  the  problems  of  design  and  eco- 
i^.omic  ])roductiou.  In  tlie  design  of  a  ])attern  he  must  con- 
sider the  use  to  which  the  casting  is  to  be  put,  which  imme- 
diately raises  the  ([uestion  of  streugtli.  This  iu\obvs  calcu- 
lations and  tests  under  workiuu'  conditions.     He  studies  the 
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subject  of  iiiixiiig  metals  aud  compares  the  iron  casting  with 
the  steel  casting.  He  inquires  into  the  present  methods  of 
ascertaining  why  patterns  are  so  carefully  designed  and  re- 
designed for  the  castings  of  model  machines,  and  seeks  to 
improve  upon  these  methods.  In  short,  he  is  not  a  pattern 
maker  alone,  but  an  engineer  who  is  looking  for  the  best  pos- 
sible production  as  the  result  of  experiments,  investigations 
and  such  calculations  as  he  may  use. 

In  the  construction  of  the  i)attern  he  must  be  guided 
b}'  tlie  thought  that  his  patterns  are  to  be  used  under  different 
conditions  of  production.  Is  there  to  be  one  casting  or  many 
castings  to  be  made  from  a  pattern?  AVill  it  pay  to  make  a 
very  substantial  pattern  or  should  he  use  a  skeleton  form? 
Or,  perhaps,  will  a  loam  pattern,  when  time,  expense  and 
finished  product  are  severally  and  collectively  considered,  be 
best?  The  constructicm  of  the  ])attern  should  really  be  a 
small  part  of  the  collegia  student's  work  in  the  pattern  mak- 
ing course.  From  the  larger  consideration  of  his  work  he 
must  get  that  broad  view  which  can  only  be  obtained  by  his-i 
placing  himself  as  nearly  as  possible  in  the  position  of  the 
manufacturer  or  engineer  whose  success  depends  upon  his 
bringing  to  bear  upon  his  problem  all  the  fruits  of  his  own 
and  others  knowledge. 

From  personal  experience  as  a  teacher  of  a  college  course 
in  framing,  I  have  become  convinced  that  such  a  course  serves 
as  a  climax  for  school  wood  working  in  engineering  courses. 
Tlie, student  in  his  college  sophomore  year  has  had  descrip- 
tive geometry,  some  mechanics  and  enough  mathematics  to 
solve  many  of  the  problems  in  roof  and  l)ridge  construction. 
In  the  design  and  calculation  incident  to  the  construction 
of  roof  and  bridge  trusses,  there  is  found  the  meat  of  engi- 
neering work.  Nothing,  so  far  as  I  know,  so  well  serves  the 
purpose  of  demonstrating  the  value  of  the  college  shop  as  a 
]>art  in  engineering  training,  as  does  a  practical  course  in 
wood  framing. 

2nd     METAL  WOKK 

]\[eta]  work  of  any  consequence  seldom  begins  before  the 
second  or  third  year  in  the  high  school.  If  begun  at  this 
point,  the  work  is  usually  in  thin  metal  and  is  art  metal  work 
in  some  form  or  other.  The  metal  work  which  may  be  con- 
sidered of  direct  value  to  the  student  of  eno-ineerinir  tenden- 
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cies,  begins  as  a  rule  iu  the  last  high  school  year  or  the  first 
or  second  year  of  college.  Little  can  be  said  concerning  the 
early  bench  work  in  metal,  which  will  affect  present  begin- 
ning courses  already  established  in  elements  of  engineering 
principles.  It  is  well  that  every  engineering  student  should 
be  familiar  witli  as  many  shop  processes  as  possible.  A  pre- 
cise and  definite  work  in  chipping,  filing,  sheet  metal  pattern 
construction  and  hand  tool  turning,  Avhich  has  a  definite  re- 
lation to  similar  work  iu  commercial  shops,  cannot  help  but 
be  beneficial.  Care  must  be  taken  not  to  consume  too  much 
time  in  his  work,  however,  as  it  must  be  clearly  understood 
that  such  work  is  given  engineering  sttidents  largely  for  the 
purpose  of  familiarizing  them  with  shop  processes.  It  is  not 
given  for  the  purpose  of  making  skilful  workmen. 

Forging  in  engineering  courses  might  be  put  in  the  same 
class  as  the  metal  work  just  mentioned  so  far  as  its  purpose 
is  concerned.  If  I  should  criticize  the  average  college  course 
in  forging,  I  would  condemn  the  practice  of  consuming  time 
in  making  many  things  simply  for  the  things  themselves, 
regardless  of  the  kind  of  work  involved  in  the  making.  Some 
schools  run  to  art  forging,  others  to  tool  making,  and  so  on, 
but  few  emphasize  in  a  comparatively  strong  way  the  use  of 
different  kinds  of  iron  and  steel  and  the  best  methods  of 
handling  them  in  the  fire.  Much  of  real  value  for  future  en- 
gineering work  might  be  introduced  in  the  forge  shop  by 
nt.aking  comparative  tests  of  heated  metals  under  fixed  con- 
ditions. I  suggest  also  the  introduction  of  drop  forge  work 
and  working  with  large  pieces  of  metal  under  power  ham- 
mers. The  engineer  is  much  more  liable  to  be  called  upon 
to  deal  with  heavy  metal  construction  than  he  is  with  light 
metal  construction;  hence,  the  necessity  of  a  knowledge  con- 
cerning the  manufacture  and  use  of  heavy  metal  construc- 
tion parts. 

It  is  in  the  machine  shop,  however,  where  I  would  sug 
gest  the  greatest  changes  in  school  shop  practice.  So  far  as 
T  am  able  to  learn,  there  are  comparatively  few  of  our  engi- 
neering colleges  that  lay  much  stress  in  the  machine  shop 
upon  manufacturing  as  such,  or  upon  shop  methods  which 
may  be  termed  engineering  in  character,  ^Fachine  shop 
courses  as  they  are  at  present  outlined,  emphasize  nmchine 
manipulation.    The  average  student,  when  he  has  completed 
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Lis  machine  shop  course,  has  very  little  knowledge  of  how  a 
machine  shop  should  be  organized  and  operated  to  produce 
economic  results.  He  has  almost  no  idea  of  shop  efficiency. 
He  has  been  technologically  taught  but  the  questions  of  labor 
and  cost  have  been  ignored  in  his  education.  According  to 
tlie  report  of  the  last  President  of  the  American  Society  of 
Mechanical  Engineers,  fifty  per  cent  of  the  members  of  the 
i?ociety  are  directly  connected  with  the  organization  and 
management  of  capital  and  labor.  It  would  seem  that  our 
machine  shop  courses  should  be  designed  to  apply  to  busi- 
ness methods  by  correlating  properly  conditions  of  commer- 
cial economy  with  conditions  of  pure  techique,  if  engineering 
students  are  to  get  a  proper  training  for  the  work  which  this 
report  indicates  they  will  do.  Much  of  the  present  work  of 
^'muscular  effort"  and  "finger  skill"  should  be  substituted  by 
work  involving  "critical  comparison". 

The  machine  shop  course  then,  which  I  propose,  will 
minimize  hand  work  as  such  and  introduce  more  class  work 
^nd  demonstrating  work  which  deals  with  practical  engineer- 
ing problems.  Machines  will  be  run  to  produce  economical 
results  as  well  as  technical  results.  They  will  be  run  under 
different  power  conditions  and  under  different  loads  pro- 
•duced  by  different  tool  cuts  and  speeds.  Efficiency  tests  will 
be  made.  Estimates  of  wear  and  tear  in  machines  will  be 
made.  Judgment  will  be  formed  upon  operative  and  main- 
tenance cost.  Shop  designs  and  arrangements  will  be 
studied.  The  relation  of  the  power  plant  to  the  machine  shop 
will  be  determined  botli  as  regards  location  and  operation.  In 
a  word,  the  student  will  be  trained  to  observe,  criticize  and 
pass  judgment  upon  economic  shop  management  and  produc- 
tion, rather  than  to  operate  machines  as  an  individual  me- 
chanic. By  so  doing  and  because  he  will  receive  instruction 
which  will  contribute  toward  the  practice  of  his  future  pro- 
fession, rather  than  that  of  an  industrial  workman,  he  will 
acquire  the  mental  attitude  of  the  engineer. 
3rd     FOUNDEY  WORK 

The  course  in  foundry  work  should  be  planned  upon  the 
same  broad  lines  as  those  suggested  for  the  course  in  machine 
shop  practice.  The  engineering  student  is  not  getting  his 
just  deserts,  if  from  liis  work  in  the  foundry  he  gets  only  a 
knowledge  of  ordinary  job  sliop  work.     This  he  should  get, 
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to  be  suro,  but  comparatively  speakiug  this  will  be  of  little 
value  to  him  in  his  eugiueeriui;'  j^rowth  or  iu  future  engineer- 
ing practice.  With  and  iu  addition  to  this,  he  must  be  given 
the  opportunity  to  "engineer"  some  problems  in  foundry 
practice.  J.et  his  course  provide  instruction  in  metal  mix- 
ing and  testing,  in  sweep  work  and  loam  molding,  in  cost 
computations  and  in  methods  of  iiroducing  castings  for  "hur- 
ry" jobs,  (xive  liim  the  management  of  the  foundry  for  a 
day  and  force  him  to  get  results  under  definite  requirements. 
The  foundry  affords  an  opportunity  for  such  an  experience 
A\  ith  ccmiparatively  little  danger  of  serious  results. 

I  feel  certain  that  in  the  somewhat  detailed  presentation 
of  the  framework  of  a  course  of  study  in  wood  work  and  in 
metal  work,  I  have  made  my  point  clear.  It  is  my  belief 
that  it  is  only  just  to  the  engineering  profession  that  the 
schools  whicli  send  men  out  into  the  tield  of  engineering 
sliould  embellish  their  shop  courses  by  adding  practical  ac- 
companiments to  the  comuKuiplace  shop  technique.  In  ac- 
cordance with  an  old  saying,  "Where  there  is  smoke  there  must 
be  some  fire",  when  we  find  many  of  the  practical  engineers 
of  today  complaining  of  the  college  preparation  of  engineer- 
ing students,  we  nmy  safely  conclude  that  something  can  be 
done  to  make  this  preparation  better.  I  have  endeavored  to 
show  how  the  shops  may  help  to  do  this. 

In  conclusion  I  would  sunnnarize  as  follows : — 

1.  So  organize  the  shop  Avork  of  the  secondary  schools 
and  colleges  that  a  definite  and  continuous  line  of  sho])  work 
•throughout  both  may  be  established. 

2.  Let  the  character  of  the  shop  Avork  be  such  that  the 
student  will  live  and  grow  in  an  engineering  as  well  as  in  a, 
mechanical  atmosphere. 

3.  Make  every  problem  a  possible  one,  to  be  dealt  with 
by  the  student  as  he  will  deal  with  it  after  he  leaves  school: 
when  lie  will  l>e  iu  ])ractical  com])etition  with  his  fellows. 

4.  ^linimize  hand  skill  but  give  every  student  enough 
hand  work  in  every  shop  process  essential  to  engineering 
jtractice,  to  familiarize  him  with  the  best  shop  methods. 

5.  Enrich  every  shop  course  with  lectures,  demonstra- 
tions, investigati(ms,  experiments  and  tests  which  will  give 
the  student  a  wide  angle  view  of  the  sho])  and  its  possibilitias 
as  a  ])art  of  an  engineer's  equipment. 
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EFFECT  OF  KEYWAYS  ON  THE  STRENGTH  OF 
SHAFTING* 


James  C.  Lund,  B.  S.  in  M.  E.,  '09. 
Instructor  in  Metal  Working. 


It  is  of  some  importance  to  a  designer,  to  know  the  ef- 
fect of  keyways  on  the  strength  of  shafts,  so  he  may  aUow 
for  the  loss  of  strength  thus  incurred,  in  the  proportioning 
of  shafts  met  Avith  in  machine  construction.  Therefore,  dur- 
ing the  past  year  there  was  carried  on  at  the  University  of 
Illinois  a  series  of  tests  on  sliafts  subjected  to  com))ined 
torsion  and  bending  stresses. 

In  these  tests  performed,  a  standard  keyway  was  as- 
sumed. This  was  done,  because  different  manufacturers  use 
different  standards  and  it  was  thought  best  to  assume  a  key- 
way,  which  approximately  represented  the  average  of  sev- 
eral so-called  standards.  This  assumed  standard  keyway 
was  l)ased  on  the  general  formula:  '^/^d  in  breadth,  by  VgCl 
in  depth,  in  which  "d"  represents  the  diameter  of  shaft. 
This  would  provide  for  a  key  of  square  cross-section,  the  di- 
mension of  Avhich,  would  be  one  fourth  of  the  diameter  of 
the  shaft. 

The  sizes  of  the  AVoodruff  keyways  were  arrived  at  by 
computing  the  twisting  force  at  the  surface  of  the  shaft  for 
the  maximum  loads,  and  selecting  Woodruff  keys  which 
were  strong  enough  in  sliear  to  resist  this  force. 

Shafts  l^ViG  inches  and  IV4  inches  in  diameter  with  the 
following  kinds  of  keyways  were  tested  in  duplicate;  stand- 
ard, extra  wide,  extra  deep,  and  keyways  to  take  Woodruff 
keys.  All  these  shafts  were  subjected  to  combined  twisting 
and  bending,  which  represents  the  method  of  loading  gen- 
erally met  witli  in  actual  shafting.  For  example,  a  puHey, 
located  betw'een  bearings  on  a  counter  shaft,  driving  a  ma- 
chine below  may  serve  as  a  good  illustration  of  combined 
twistino;  and  bendinir. 


*The  subject  matter  of  this  article  was  taken  from  the  thesis  submit- 
ed  by  Mr.  Ollison  Craig  and  tne  writer  on  June  1st,  1909,  for  the  degree  of 
Bachelor  of  Science  in  Mechanical  Engineering. 
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Tlio  (litfprent  variations  of  tests  were  as  follows: 

1.     Shafts  having  a  diameter  of  1  ^^/^e  inches,  keyways 
in  horizontal  plane,  ratio  of  twisting  to  bending  10  to  6. 


FU.    1. 


15 


Dian.    of  Ghaft   I'j^  irc^ns 


Pig.    2. 
Diaaj.    of  Shaft   1  ^  inches. 


standard  Xeyway  ,  i  in.      x     i  in.   Extra  De«p  SeyT^ay,  i  in.   x     |  in. 


Fig.    3. 


15 


Size  of  Shaft  1  yf  inched 

Extra  Wide  Kojrway , 

1   in.   X    i  in. 
4 


Fig.    4. 


,15 


D^am.'  of  Shaft,   1—   inches. 
Woodniff  A.3yway  No.    3,  5/lG   in.jx     5/8  in. 

2.  Shafts  having  a  diameter  of  1  ^^/ic  inches,  keyways 
in  horizontal  plane,  ratio  of  twisting  to  bending  0  to  6. 

3.  Shafts  having  a  diameter  of  1  ^^/ic  inches,  keyways 
in  vertical  plane,  ratio  of  twisting  to  bending  10  to  G. 


Lux  I) — Key  WAYS. 


47 


4.  Shafts  having  a  diameter  of  1  ^^/^g  inches,  keyways 
in  vertical  plane,  ratio  of  twisting  to  bending  6  to  6. 

5.  Shafts  having  a  diameter  of  li/4  inches,  keyways  in 
vertical  plane,  ratio  of  twiStiug  to  bending  10  to  6. 

6.  Shafts  having  a  diameter  of  1  ^/4  inches,  keyways 
in  vertical  plane,  ratio  of  twisting  to  bending  6  to  6. 

All  variations  of  keyways  were  used  in  each  of  the  six 
series. 

All  tests  were  rim  in  duplicate. 

Description  of  Apparatus. 

To  the  ends  of  the  test  shaft  s,  Figures  5  and  6,  are 
keyed  rocker  arms  '^a  a"  extending  at  right  angles  to  the 


Fig.  5 

diagramatic  sketch  of  testing  apparatus 

Combined  Torsion  and  Bending 

shaft.  Equal  forces  "e  e"  are  applied  in  a  vertical  direction 
at  points  on  those  arms  at  a  distance  P  from  the  axis  of  the 
shaft.  The  test  shaft  is  rested  in  bearings  "b"  which  are  sup- 
])()rted  l»y  steel  ball  bearings  in  a  race  in  the  block  ^'c."  The 
distance  "A''  from  the  arm  "a''  to  the  center  of  the  nearer 
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bcnviiiii  is  the  same  at  the  two  ends.  The  test  shaft  is  thus 
siihjeeted  to  the  beiidinij  moiiient  'e  A'  over  that  jwrtion  be- 
tween bearinjj^s,  and  to  a  twisting  moment  'e  P'  over  its  entire 
lenjjtli.     The  ratio  of  tlie  twisting-  moment  to  tlie  bendinij: 

moment  equals    — - 

The  forces  "e  e"  were  applied  by  the  moving  erosshead 
of  the  testing  machine,  the  entire  api)aratns  shown  in  Fig- 
ures 5  and  (>,  resting  (m  the  upjier  weigliing  head  of  the 
Philadelphia,  100,000  pound  capacity  machine,  in  the  Lab- 
oratory of  Applied  Mechanics  at  the  University  of  Illinois. 
The  load  as  registered  on  tlie  weighing  beam  of  the  machine 
equals  2  e,  the  force  "e"  being  transmited  to  each  of  the  arms 
"a  a''  thru  the  tension  rods.  These  arms  "a  a"  have  spher- 
ical recesses  ^'m"  which  give  different  arm  lengths  into  which 
the  spherical  pointed  knobs  on  the  tension  rods  fit.  The 
bearing  blocks  "c  c"  can  be  moved  axially  along  the  shaft, 
over  plates  "d  d,''  thus  allowing  the  bending  moment  to  be 
varied. 

In  measuring  the  twist  deflection  indicators  "'h  h  h" 
were  arranged  as  shown  in  Fig.  (>.  These  were  especially 
designed  for  this  purpose  and  answered  very  well.  They 
consisted  of  three  long  arms  clamped  on  to  the  shaft.  One 
arm  was  clamped  at  the  center,  and  the  other  two  at  equal 
distances  with  reference  to  the  part  of  the  shaft  including 
the  keyway  and  the  solid  part  respectively.  At  the  extreme 
end  of  the  last  two  mentioned  were  placed  scales  glued  onto 
mirrors.  The  center  arm  held  pointers,  under  which  these 
scales  passed  as  the  shafts  twisted.  Headings  Avere  taken 
from  the  scale  in  fiftieths  of  an  inch.  The  approximate 
length  of  the  indicator  arm  "h"  necessary,  was  computed 
froni  the  degree  twist,  that  was  expected;  and  the  distance 
between  arms,  which  was  5.5  inches. 

When  the  testing  of  the  1  V4  uii^i  shaft  was  begun,  it 
was  noticed  that  the  machine  was  too  inaccurate  for  close 
work,  the  balance  beam  being  too  sluggish  for  the  a])plied 
load.  A  needle  beam  was  attached  to  the  machine,  imme- 
diately above  the  regular  beam.  This  proved  to  be  very  sat- 
isfactory and  the  sensitiveness  of  the  machine  was  such  that 
the  load  on  the  specimen  could  be  determined  to  within  a  ten 
pound  load. 
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Proccdiifc  of  T(><tH. 

At  first,  some  of  the  shafts  were  tested  with  the  kevway 
in  a  iiorizontal  plane,  but  owini*-  to  the  fact  that  the  neutral 
axis  was  in  the  same  phme,  the  kevway  was  not  subjeeted  to 


Fig.  {) 
Apparatus  for  Testing  f>n afis  in  Combined  Torsion  and  Bexdixc; 

the  niaximiiin  bendinji;  :  tress  sd  tliat  all  later  tests  were  made 
with  the  keyways  in  the  vertical  plane. 

The  load  was  applied  in  increments  of  1000  pounds,  for 
the  1  ^"Vio  inch  shafts  and  of  300  pounds  fn^-  the  1  V4  i»t-h 
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shafts.  A  small  initial  load  was  applied  to  the  sliaft  and  an 
initial  reading  taken  on  the  twist  measuring  apparatus ;  more 
load  was  then  applied  and  the  angle  of  twist  read;  tlie  load 
was  then  released  to  its  initial  value,  and  the  angle  of  twist 
again  read,  any  permanent  set  being  thus  detected;  a  load 
slightly  greater  than  the  previously  ajiplied  load  was  then 
put  on  the  shaft,  and  this  load  in  turn  released  to  the  initial 
value.  This  process  was  repeated  with  applications  of  in- 
creasing loads  till  the  yield  point  of  the  shaft  was  passed. 

Preliminary  calculations  were  reduced  to  constants. 
Thus,  in  making  calculations  for  the  degrees  twist,  knowing 
the  length  of  indicator  arm,  the  distance  the  indicator  arms 
were  apart  on  the  shaft,  and  the  length  of  the  spaces  in  inches 
on  the  scale,  a  constant  was  found,  which,  when  multi- 
plied by  the  scale  reading,  gave  the  degrees  twist  per  inch 
of  shaft.  Similarly  a  constant  was  found,  knowing  the  length 
of  the  twisting  arm  and  the  size  of  the  shaft,  which,  when 
multiplied  by  the  load,  gave  the  unit  stress  in  the  metal. 

Formuhic  and  Sample  Colculations. 

P  T        ST 
(a)         M^— ^= in  which 

M  =  Twisting  moment  in  pound  inches. 
P  =  Load  on  scales. 
T  =  Length  of  twisting  area  in  inches. 
S  =  Unit  stress  in  metal. 
J  =  Polar  moment  of  inertia  of  shaft, 
c  :=  Distance  from  neutral  axis  to  extreme  fiber  or, 
in  this  case,  the  radius  of  shaft. 
Substituting  in  the  preceding  formula  for  the  case  of  the 
shaft  1  ^^/le  inches  in  diameter,  ratio  of  bending  to  twisting 
0  to  10. 

T  =  10 
J=  1.384 
c  =  .9688 

.    ...     TX^=S'-^^^ 


2  .9688 

.-.     S  =  3.5P 
(b)  Derivation  of  constant  for  degrees  twist  per  inch. 
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Fig. 


e  = 


.02A 


,  in  which 


^  =  Angle  of  twist  in  raclious. 
A  =  Scale  readings  in  space. 
L  =  Distance  from  center  of  shaft  to  scale. 
Substituting  for  the  case  of  the  shaft  l^^'/io  inches  gives 
L  =  37.375  inches 

"  =  slms  X  5.5  ' '"  '■'"^■'"''- 

5.5  indicates  the  distance  apart  in  inches  the  indicators 
were  set  on  the  shafts. 

50  divisions  on  scale  =  1  inch. 
.*.  6*  =  in  degrees  per  inch 


of  leneth  of  shaft 


Table  Number  1. 


_.02A  X  57.3 
37.375  X  5.5 
=  .005575  A 


General  Average  of  Loss  of  Strength  (in  per  cent.) 
Standard  Keyway  14.15 

Extra  YVide  Key  way  (Double  Width)  29. 

Extra  deep  Key  way    (V2  standard  depth)  26. 

Woodruff  Key  way  14.8 

Table  Numher  2. 

Loss  of  Strength  in  percent. 
Standard  Keyways. 
Combined  stresses. 
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Ratio  of 


Size  of  Sfiaft 

in  Int'hee. 

6-10 

6-() 

11;] 

25.1 

15.6 

li 

12.5 

11.4 

SAMPLE  DATA 
Shaft  No.  6 


Load 

Ih. 

A 

B 

C 

Unit  Strrss 
lb.  per  ?(!■  in. 

Twist 

A 

Degrees 
per  inoh 

B 

500 

30 

13 

0 

1750 

0 

0 

1000 

32 

14 

1 

3500 

.01112 

.0055 

500 

30 

13 

0 

1750 

0 

0 

2000 

37 

18 

3.5 

7000 

.039 

.0279 

500 

30 

13 

0 

1750 

0 

0 

3000 

40 

21 

6 

10500 

.0557 

.0446 

500 

30 

13 

0 

1750 

0 

0 

4000 

45 

24 

8.5 

14000 

.0835 

.0613 

500 

30 

13 

0 

1750 

0 

0 

5000 

49 

27 

11 

17500 

.106 

.0725 

500 

30 

13 

0 

1750 

0 

0 

6000 

52 

30 

14 

21000 

.1225 

.0948 

500 

30 

13 

0 

1750 

0 

0 

7000 

58 

33 

17 

24500 

.156 

.1112 

500 

31 

13 

-1 

1750 

.  0055 

0 

8000 

72 

•  36 

22 

28000 

.234 

.128 

500 

40 

13 

1 

1750 

.0505 

0 

9000 

160 

40 

50 

31500 

.725 

.1505 

500 

124 

13 

25 

1750 

.524 

0 

10000 

45 

35000 

.1782 

500 

16 

1750 

.0167 

Duplicate 

Len<ith 

Diameter 

Size  of  Keyway 

Twisting-  Ann 

IJendinff  Arm 


Extra  Wide 
30  inches 
1  ^'ViG  inches. 
1  in.  X  V4  in- 
10  inclies 


<»  inclies,  Katio  r7r= 


A. —  Left  liand  scale  —  ( Keywav ) 
15.  —  Kiiilit  hand  scale  —  (Solid  sliaft) 
(\  —  Detlectometer  —  (Center  of  shaft) 
Kevwav  set  in  Horizontal  Plane. 
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Conclusions. 

1.  The  first  set,  iu  almost  every  case,  took  place  under 
the  load  corresponding  to  the  yield  point. 

2.  The  shafts  weakened  more  by  having  the  keyways 
in  the  vertical  plane,  than  in  the  horizontal  plane.  When 
located  in  the  vertical  position  the  keyway  was  in  the  part  of 
the  shaft  subjected  to  the  greatest  stress  due  to  bending, 
while  if  put  in  the  horizontal  position  it  is  practically  in  the 
neutral  plane. 

3.  There  was  considerable  loss  in  stiffness  as  is  indicat- 
ed in  the  following  table. 

Table  Nnmlter  3. 
Loss  in  Stiffness  in  percent. 

Size  of  Shafts  in  Inches 


Ratio  of  Twisting 
to  Bending 

1 1  s 

li 

10—6 

13.8 

9.5 

6—6 

20.4 

14.9 

4.  In  general  the  keyways  had  a  weakening  effect  in  the 
following  order: 

Extra  Wide  29        percent 

Extra  Deep  26       percent 

Woodruff  14.8     percent 

Standard  14.15  percent 

Tlie  extra  wide  keyways  had  the  greatest  weakening  ef- 
fect, due  to  the  fact  that  the  most  metal  was  removed  from 
the  part  of  the  shaft  that  was  subjected  to  the  greatest  tor- 
sional stress.  Contrary  to  general  opinion,  the  W^oodruff 
keyways,  next  to  the  Standard  keyways,  showed  the  least 
weakening  effect,  because  in  cutting  a  Woodruff  keyway, 
more  metal  is  taken  from  nearer  the  axis  of  the  shaft,  and  not 
so  much  from  the  outer  fibers,  which  are  under  the  greatest 
torsional  stress. 

5.  It  would  be  well,  when  selecting  a  shaft,  to  make  al- 
lowance for  the  weakening  effect  of  keyway.  This  could  be 
done  by  assuming  a  working  stress  of  15  percent  or  20  per- 
cent lower  than  that  used  in  usual  calculations. 
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o         o         o         o         o        ^ 

CU  ■'^  ^  ^  O  c\j 

o"  O  <5  o"  ^  "-■ 


/7n6L£  OF  TW/5T  //Y  DEGREES  PER  //^CH  OF  L£nG7?f 


Diagram  of  Tests  Under  Comhined  Bending  and  Twisting 
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ci         c:i         Q         Q 
/F/VGLE  OF  Th//5r  //V  DEGREE5  PER //^CH  OF  LEn<9TH- 
Diagram  of  Tests  Under  Combined  Bending  and  Twisting 
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^^  30000 

;^  zoooo 

/o  oob 

Ql  4-0  OOO 

I 

O   JO OOO 

>,  zoooo 

^    lO  OOO 

40000 


I i  inch    shaf^ 

^  I  -   lO 

ri~  6 


/2  inr.h    svaff 


y^riGLE  OF  Tt^/3T  /n  D£6R£F3  PER  /NCH OF  LFriGTH 


Diagram  ok  Tests  Under  Combined  Bending  and. Twisting 
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FILING  MISCELLANEOUS  ENGINEERING  DATA  IN 
LOOSE-LEAF  NOTE  BOOKS. 


Arthur  F.  Comstock^  B.  S.,  in  C.  E.,  '06. 
Associate  Editor  Engineering  Record. 


Every  engineer,  at  one  time  or  anotlier,  feels  the  need  of 
a  conA^enient  system  for  filing  miscellaneous  data.  The  value 
of  such  a  system,  providing  it  has  been  given  careful  attention 
throughout  his  experience,  is  not  apt  to  be  over-estimated. 

It  was  not  many  years  ago  that  most  filing  was  done  in 
blank  books.  This  method  was  cumbersome,  because  it  was 
necessary  to  anticipate  the  amount  of  space  which  should  be 
alloted  to  each  particular  subject,  in  order  that  all  of  the 
information  on  that  subject  should  appear  in  its  logical 
order.  If  such  space  were  not  provided,  the  result  was  that 
the  notes  pertaining  to  a  certain  subject  were  scattered 
through  several  books,  making  it  necessary  to  have  an  elabor- 
ate index,  which,  at  best,  was  slow  and  tedious  to  use.  The 
blank  bonk  was  superseded  by  the  card  index,  which  is  now 
in  very  general  use.  A  complete  description  of  the  card  sys- 
tem for  filing  fragmentary  engineering  literature  on  a  large 
scale,  appeared  in  the  Engineering  Record  of  August  14, 
1909. 

The  loose-leaf  system,  however,  offers  certain  advantages 
over  any  other  filing  system  yet  devised,  and  is  rapidly  dis- 
placing the  card  system  for  many  branches  of  filing.  After 
three  gears'  experience  with  both  the  card  and  the  loose-leaf 
systems,  and,  at  the  same  time,  carefully  observing  the  ex- 
periences of  several  of  my  associates,  I  am  convinced  that  the 
loose-leaf  system  is  the  better  one  to  start  on.  It  is  neat, 
portable,  self-indexing,  extremely  flexible,  and  is  susceptible 
of  very  ready  reference. 

One  of  the  greatest  faults  of  the  card  system  is  that  it  is 
not  portable.  Whetlier  one  is  working  in  the  drafting  room, 
the  library  or  elsewhere  there  is  a  considerable  advantage 
in  having  one's  data  close  at  hand,  which  is  clearly  imprac- 
ticable with  the  card  system.  The  loose-leaf  book,  on  the 
other  hand,  can  readily  be  taken  wherever  it  is  needed.  This 
feature,  alone,  is  an  incentive  to  keep  the  book  always  at 
one's  elbow  where  it  can  be  easily  referred  to,  and  where  it  is 
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most  likely  to  receive  the  atteution  it  requires  to  be  kept  up 
to  (late,  botli  as  to  revisions  and  additions.  Moreover,  these 
revisions  are  more  easily  and  more  thoroui;hly  made  where  all 
of  the  information  relating  to  a  i)arti('ular  subject  is  before 
one,  as  in  tlie  loosedeaf  book. 

Another  valuable  feature  of  the  loosedeaf  I>ook  is  the 
quickness  with  which  it  may  be  used.  Data  once  filed  under 
a  logical  heading  can  be  located  almost  instantly,  because  it 
is  self-indexed.  When  opened,  the  book  remains  so  without 
further  handling.  The  whole  page  is  clearly  before  one;  and 
a  page  will  usually  contain  as  much  information  as  a.  lialf- 
d(>zen  or  more  cards.  For  exami)le,  if  one  were  looking  for 
the  allowable  compressive  stress  of  1 :2 :4  gravel  concrete, 
and  he  turned  to  the  heading  "concrete"  and  the  sub-heading 
^'allowable  Compressive  Stress",  he  might  find,  in  a  Avell 
kept  set  of  notes,  references  to  or  perhaps  citations  from  sev- 
eral ditt'erent  authorities,  and,  in  addition,  some  of  his  own 
observations. 

The  card  system  offers  sonu^  contrasts  to  the  advantages 
above  stated.  In  the  first  place  it  is  not  self-indexed,  that  is, 
the  index  is  usually  sej^arate  from  the  matter  indexed.  This 
makes  it  necessary  to  look  first  in  the  index  and  tluMi  in  the 
file,  for  any  information  desired.  The  differences  in  heights 
of  cards  often  make  them  difficult  to  handle  quickly,  and 
tlieir  vertical  position  does  not  contribute  to  the  ease  of 
reading  them.  Further  time  is  sonu^imes  lost  by  having  to 
pull  the  drawers  out  and  take  them  nearer  the  light  in  order 
to  read  them. 

The  extent  to  wiiich  the  loose-leaf  system  can  be  econ- 
omically expanded,  in  book  form,  may  be  a  matter  of  some 
doubt.  Having  only  three  books  in  use  at  lU'eseut,  I  cannot 
say  fr(uu  experience  tliat  a  dozen  would  be  just  as  success- 
ful. Tt  does  seem  reasonable,  however,  that  where  a  loose- 
leaf  system  became^  so  large  as  to  require  one  or  more  books 
for  each  sn])ject,  tlie  ])lau  sliould  work  out  satisfactorily. 

If,  however,  it  were  found  that  too  many  books  made 
the  system  unwieldy,  (Avhich  would  not  l)e  the  general  case) 
it  could  readily  be  convert(Ml  into  a  card  system.  A  better 
card  system  would  result  from  this  method  than  by  ])ro- 
ceeding  Avithout  it,  because  the  material  would  be  already 
grou])ed  and  indexed  and  the  cards  would  nu^rely  refer  to  the 
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subject  matter  on  one  or  more  loose  leaves.  An  additional 
advantage  would  l)e  that  tlie  leaves  required  for  any  given 
investigation  could  be  taken  out  of  the  file  and  put  into  book 
form  for  temporal' v  use. 

There  is  scarcely  any  limit  to  the  kinds  of  information 
that  can  be  filed  in  loose-leaf  books.  Notes  and  comments 
on  various  methods  and  details  of  construction;  principles 
of  design;  computations;  pricedists;  cost  analyses;  refer- 
ences to  text  books,  technical  journals,  reports  and  proceed 
ings  of  societies;  small  blueprints;  business  addresses;  and 
many  other  matters  can  be  readily  included  in  the  book. 
Large  blueprints  or  other  information  in  bulky  form  can  be 
put  away  in  drawers,  or  elsewhere,  and  indexed  in  tlie  book. 
In  short,  one's  ingenuity  is  the  only  limit  to  the  development 
of  the  loose-leaf  system. 

The  best  type  of  book  is  that  in  whicli  the  leaves  are 
held  in  place  by  rings  opening  in  the  middle.  This  device 
allows  a  leaf  to  be  removed  or  inserted  at  any  place  in  the 
book  witliout  having  to  remove  the  leaves  on  either  side  and 
tlius  saves  considerable  time.  The  rings  should  be  not  less 
than  one  inch  in  diameter,  for,  if  smaller,  they  will  not  hold 
enough  leaves.  A  standard  make  of  book  should  be  selected, 
so  that  the  leaves  and  cover  can  be  purchased  in  different 
localities. 

As  to  size  of  book,  I  have  found  the  5x8-inch  or  the  fixO- 
inch  to  be  the  best  for  general  purposes.  A  book  of  size 
3  3/4  X  0  3/4:-inch  can  be  carried  in  the  i)()cket,  but  is  too 
small  for  many  purposes.  Where  more  than  oiip  book  is 
used  it  is  desirable  to  adhere  to  the  same  size,  a-^  it  is  theti 
possible  to  interchange  the  leaves  of  various  books.  If  many 
blueprints  or  catalog  pages  are  to  be  filed,  they  should  be 
placed  in  a  separate  book. 

Square-ruled  or  cross-section  paper  is  probably  the  most 
convenient  for  general  use.  Either  one  or  both  sides  of  the 
paper  may  be  used,  the  latter  scheme  of  course  being  more 
compact.  In  beginning  a  system  ample  space  should  be  left 
between  different  divisions  on  the  same  sheet,  so  that  addi- 
tional information  may  be  inserted  in  its  proper  place  with- 
out re-copying  the  page.  Cross-indexing  should  be  employed 
freely.  When  it  doubt  whether  certain  information  merits 
filing  or  not,  the  best  plan  is  to  file  it  until  experience  shows 
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its  value.  If  there  is  any  reason  whatever  to  doubt  the  accu- 
racy of  auy  information  filed,  it  should  be  clearly  marked 
''questionable"  until  verified.  Some  system  of  capitalizing 
headings  and  underscoring  the  introductory  words  of  para- 
graphs should  be  used  in  order  that  the  scope  of  a  reference 
may  be  determined  at  a  glance.  Clear,  consistent  and  stand- 
ard abbreviations  should  be  used  throughout ;  and  some  help- 
ful suggestions  along  this  line  can  be  found  in  the  Engineer- 
ing Eecord  of  Jan.  29,  1010.  Personal  tastes  will  decide 
whether  the  notes  are  to  be  written,  lettered  or  type-written. 
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CARBON  STEEL. 


James  Herbert  Gill^  M.E., 
Assistant  Professor  of  31achiiie  Constriictioii. 


Carbon  steel  is  now  almost  considered  a  "has  been"". 
Increased  production  due  to  the  possibilities  of  the  modern 
high  speed  steel  has  led  to,  tlie  extensive  use  of  the  new  steel. 
Because  of  the  remarkable  projjerties  of  this  steel,  its  use  has 
increased  until  now  no  one  pretends  to  do  much  with  the 
old  fashioned  steel.  In  fact,  the  old  carbon  steel  is  out  of 
fashion.  That  is  one  reason  why  carbon  steel  has  been  neg- 
lected. Another  reason  is  that  it  requires  much  more  skill 
to  work  and  temper  better  grades  of  carbon  steel  than  the 
high  speed  steel.  Because  of  these  reasons,  the  carbon  steels 
have  not  had  a  chance  to  show  what  thev  can  do. 

Carbon  steel  is  a  compound  of  iron  with  various  amounts 
of  carbon.  The  amount  of  carbon  in  the  steel  is  measured 
in  percent  and  varies  from  .60%  to  1.75%.  This  is  known 
as  steel  of  sixtv  or  one  hundred  and  seventy-tive  point  car- 
bon. The  grade  or  quality  of  steel  depends  on  the  freedom 
from  impurities  such  as  sulphur,  phosphorus  and  others. 
Freedom  from  these  impurities  can  only  be  secured  by  the 
use  of  the  purest  irons. 

Steels  of  various  grades  differ  in  price.  Each  grade 
may  be  had  with  various  amounts  of  carbon  or  various  "tem- 
pers", using  the  word  temper  as  the  steel  makers  uses  it,  to 
mean  the  amount  of  carbon  in  the  steel  and  not  the  degree  of 
hardness.  So  price  varies  with  the  grade  or  quality  of  the 
steel,  and  not  with  the  temper.  The  higher  the  carbon,  the 
more  sensitive  the  steel  is  to  heat,  or  the  lower  the  carbon, 
the  more  abuse  by  heat  the  steel  will  stand. 

Carbon  is  commonly  found  in  steel  in  two  forms.  Ce- 
mentite,  FcoC,  is  found  in  annealed  steel.  If  the  steel  is 
hardened  thoroughly  the  carbon  takes  a  new  form  called 
Martensite,  Feo4C.  The  change  from  one  form  to  the  other 
takes  place  under  the  influence  of  heat.  This  change  from 
Fe.^C  to  Feo4C  takes  place  at  about  1350  F.  The  exact  point 
varies  some  what  with  the*  amount  of  carbon  present.  The 
lower  the  carbon  content  the  higher  the  lieat  necessarv.     As 
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the  carbon  cluni.ucs  form,  the  i;rain  cliaiii»vs.  If  we  take  a 
])iec('  of  annealcMl  steel  and  heat  it  to  a  very  little  les.s  than 
this  critical  teini)erature  and  cool  it  <inickly,  we  find  that  it 
has  not  hardened,  and  the  i^rain  is  nnchanged.  If  we  heat  it 
a  very  little  above  this  critical  teni])erature,  and  cool  quickly, 
we  lind  it  very  hard  and  the  i^rain  tine.  When  cooled  quickly 
from  any  hii^lier  heat  the  i;rain  is  coarser  and  on  test  we  find 
the  steel  less  hard.  The  decrease  in  hardnes>s  due  to  coolinsj 
from  an  excessive  heat  is  more  marked  in  the  hiiih  than  in  the 
lower  carbon  steels. 

The  chanj^e  from  the  Cementiti^  to  the  Martensite  form 
takes  place  instantly  as  shown  in  the  accompanyinii"  ph(>to- 
graph. 


The  results  shown  were  secured  in  the  followini>-  way. 
A  i)iece  of  steel  was  nicked  in  several  places  so  it  could  be 
easily  broken.  The  piece  Avas  then  placed  on  the  top  of  a 
bright  (luick  tire  and  heated  on  the  end  (A).  The  end  shown 
at  (IM  was  black  hot  when  the  piece  was  ])lunoed  into  water. 
AVhen  cold,  the  steel  was  broken  at  the  nicks.  Beginning  at 
(A)  the  hotter  end,  we  find  the  grain  finer  and  finer  as  we 
proceed  toward  the  cooler  end,  until  we  come  to  the  point 
((')  where  the  steel  is  exactly  at  the  critical  or  hardening 
temperature.  Iletween  ( !> )  and((Mthe  steel  is  not  hot  enough 
to  harden,  and  we  have  the  orain  of  the  annealed  bar.  This 
demonstration  shows  that  the  change  from  the  Cementite  to 
tli(»  Martensite  form  of  carbon  takes  place  suddenly.  If  it 
did  not  there  would  be  a  gradual  blending  from  the  fine  to  the 
c(»arse  while  the  sample  shows  a  change  so  suddenly  as  to 
make  a  sharp  line  between  the  two,  as  seen  at  (C).  If  this 
surface  is  ])olislie<l  and  tested  for  hardness  with  the  Selero- 
scope,  we  find  that  the  patcli  between  (1»)  and  (C)  is  not 
hardened,  wliile  jnst  at  tlie  riiiht  of  <  (' )  we  find  the  maximum 
hardness. 

If  we  heal  a  ])iece  of  steel,  •])art  icnlarly  if  it  is  a  high 
carbon   steel,  one   hundred    thirty-tive   j>oint   for   exami)le,   to 
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a  licut  inucli  above  the  critical  temperature,  we  find  that  the 
hardness  lias  dropj^ed  off  while  the  grain  is  coarse  and  the 
steel  N'ery  brittle.  When  heated  to  any  point  above  the  criti- 
cal temperature,  the  carbon  is  in  the  ]\Iartensite  form  and  if 
cooled  suddenly  it  will  remain  in  this  form.  If  cooled  slowly, 
it  changes  back  to  the  Cementite  form.  In  other  words  the 
change  from  the  Cementite  to  the  Martensite  form  takes 
place  suddenly  at  the  critical  temperature.  If  cooled  ({uickly 
from  any  temperature  above  this  critical  temperature,  the 
Martensite  form  is  retained  and  the  steel  is  hard.  The  Mar- 
tensite form  of  carl)on  clianges  back  to  the  remeutite  form  on 
the  application  of  heat  but  does  so  gradually.  The  cliange 
begins  at  about  400° F.  and  is  complete  at  700° F.  As  the 
carl)on  changes  back  to  the  Cementite  form  slowly  the  hard- 
ness decreases  wliile  the  toughness  increases.  This  is  the 
process  of  tempering. 

From  the  above,  we  see  that  it  is  very  important  to  de- 
termine the  critical  or  hardening  point  of  steel.  This  is 
easily  done  by  the  use  of  the  magnet  or  ordinary  compass 
needle.  It  is  well  known  that  carbon  steel  loses  its  magnetic 
properties  at  a  certain  heat.  This  is  the  temperature  at 
which  the  carbon  changes  form.  We  may  then  test  steel  with 
a  magnet  or  compass  needle,  and  when  we  find  that  the  steel 
has  l)ecome  non-magnetic  we  know  we  have  passed  the  critical 
point.  If  the  testing  has  been  done  at  frequent  intervals  as 
the  heat  has  been  raised,  we  nuiy  locate  the  point  pretty  ac- 
curately. Carbon  steel  should  be  hardened  at  the  tempera- 
ture at  which  it  bcomes  non-magnetic. 

Carbon  steel  may  be  forged  at  a  much  higher  heat  than 
the  hardening  heat.  Steel  will  not  be  injured  if  heated  no 
higher  than  the  scaling  point,  jU'ovided  it  is  treated  pr(>perly 
afterwards.  After  forging,  all  steel  should  be  annealed  or 
at  least  let  cool  down  to  the  black  heat.  Then  bring  the  heat 
up  very  carefully  to  the  critical  point  taking  care  that  no 
part  of  the  steel  gets  above  this  ])oint.  Even,  thorough  heat- 
ing is  very  necessary.  Always  harden  at  the  lowest  possible 
heat,  just  above  tlie  critical  temperature,  and  always  on  the 
risinc  heat. 
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SCIENCE  DEMANDS  RECOGNITIUX  IN  THE  ARTS. 


E.  T.  Clarage, 
President  of  The  Columbia  Tool  Steel  Company. 


In  the  "Engineer''  published  in  London,  England,  un- 
der date  of  March  5th  is  an  article  in  regard  to  High  Speed 
Tool  Steel  in  which  appears  this  statement. 

"Every  maker  now  and  then  produces  a  tool  which  is  far 
and  away  in  advance  of  any  other  he  himself  has  made.  As 
far  as  he  knows  its  composition  is  precisely  the  same  as  that 
of  a  score  of  others.  It  is  therefore  believed  to  be  due  to 
the  treatment  in  hardening.  There  is  no  doubt  a  best  tem- 
l)erature  at  which  to  plunge  and  since  the  heat  in  any  case  is 
excessively  high,  slight  differences  are  only  secured  by 
chance." 

This  is  veiv  generous  on  the  part  of  the  "Engineer"  to 
place  all  the  responsibility  on  the  workman  and  relieve  the 
Tool  Steel  maker  of  any  liability,  but  looking  at  it  from  a 
scientific  standpoint,  there  may  be  something  for  the  steel 
maker  to  consider. 

These  new  High  Speed  tool  steels  are  made  by  using  cer- 
tain alloys  belonging  to  the  Chromium  group,  but  as  far  as 
we  know,  the  old  time  practical  steel  maker  has  utterly  failed 
to  take  into  account  natures  laws  of  chemical  combinations. 

To  illustrate,  nature  onl}^  knows  two  combinations  of 
iron  and  oxygen.  Fco  O3  which  is  42.857  parts  oxygen  to  100 
parts  of  iron,  and  Fe.,  O4  or  38.095  parts  of  oxygen  to  100 
parts  iron. 

Another  common  illustration  is  shown  by  carbon  and 
oxygen.  The  only  two  possible  combinations  of  which  are 
C-O,  or  133.33  parts  of  oxygen  to  100  parts  carbon,  and  C-Oo, 
or  266.66  parts  oxygen  to  100  parts  carbon.  These  are  the 
only  proportions  in  Avliich  carbon  and  oxygen  will  combine 
chemically,  and  any  excess  of  either  element  must  exist  as  a 
mechanical  mixture,  that  is,  uncombined. 

That  these  same  laws  control  the  combinations  of  alloys 
used  in  the  modern  High  Speed  steels,  is  true  beyond  ques- 
tion, although  the  tool  steel  makers  as  a  rule  have  paid  no 
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attention  to  tlie  matter,  and  these  alloj^s  have  been  used  in- 
discriminately. 

The  Hadfield  manganese  steel  is  a  good  illustration.  Up 
to  about  1%  manganese  the  effect  is  beneficial.  Above  that 
percentage  the  strength  of  the  steel  decreases  very  rapidly, 
so  that  with  a  little  over  2%  manganese  the  steel  is  actually 
rotten. 

After  other  experimenters  had  given  up  Manganese  in 
the  higher  percentages,  Hadfield  went  on  up  through  the 
various  percentages  and  discovered  that  with  31/2%  mangan- 
ese considerable  of  the  toughness  returned.  At  approximately 
7%  it  again  showed  an  increase,  and  at  between  13  and  14% 
manganese  he  produced  the  most  wonderful  metal  the  world 
has  ever  known.  A  metal  so  tough  that  it  can  be  bent  cold 
double  on  itself,  at  the  same  time  it  can  not  be  cut  by  any 
tools  as  yet  available. 

It  is  evident  that  in  certain  ratios  the  manganese  com- 
bined with  the  iron  chemically.  As  the  percentage  of  man- 
ganese Avas  increased  beyond  the  combining  ratio,  the  excess 
amount  existed  in  the  uncombined  or  free  condition,  or  really 
as  an  impurity  like  so  much  sand.  When  a  point  was  reached 
where  a  chemical  combination  could  be  effected  at  the  next 
bigher  ratio,  the  character  of  the  steel  changed  accordingly. 

The  manufacture  of  carbon  tool  steels  is  a  fairly  simple 
art,  tool  steel  being  simply  carbonized  iron,  and  the  stronger 
and  purer  the  iron,  the  stronger  the  steel.  It  was  not  re- 
quired of  the  steel  maker  that  he  bother  his  head  Avith  any  of 
these  complex  propositions,  but  with  the  advent  of  the  mod- 
ern High  Speed  Alloy  Steels  the  situation  has  entirely 
changed.  The  old  shop  rules  and  traditions  which  were  suffi- 
cient in  the  past  fall  lamentably  short  under  present  day  re- 
quirements. Tlie  introduction  of  these  alloy  steels  has  re- 
sulted in  making  the  manufacture  of  tool  steel  one  of  the  most 
complex  problems  known  to  metallurgy.  The  scientist  finds 
himself  face  to  face  with  new  intricate  problems.  Chromium 
from  eastern  Europe,  Manganese  from  Russia,  Silicon  from 
France,  Vanadium  from  South  America,  Tungsten  and  Moly- 
Ixlenum  from  Spain,  Australia  and  also  from  Colorado,  in 
fact  no  part  of  the  world  is  overlooked,  and  the  search  for 
«teel  making  material  is  as  wide  and  as  thorough  even  as  the 
search  for  sold. 
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The  probk'iii  for  tlie  steel  maker  is  not  wliat  action  may 
be  exi)eeted  from  any  one  certain  alloy.  It  becomes  a  (pies- 
tion  of  what  the  perfomance  of  this  alloy  will  be  in  the 
presence  of  several  other  elements  whose  effects  upon  each 
other  are  profoundly  potent.  Because  a  steel  with  a  certain 
l»ercentag'e  of  an  alloy  oives  splendid  results,  it  is  in  no  wise 
certain  that  increasing;'  the  percentaj^e  will  produce  better  re- 
sults. There  are  certain  ratios  or  relative  values  that  must 
be  considered. 

I  am  aware  that  this  jjhase  of  the  situati(m  will  receive 
very  little  favor  at  present  among  the  tool  steel  makers  them- 
selves, as  any  progress  along  these  lines  means  a  vast  amount 
of  research.  Nevertheless,  these  conditions  exist,  and  must 
be  met  eventually. 

The  technical  man  must  receive  proper  appreciation  in  the 
workshoi)s  of  the  Avorld.  Science  cries  out  for  recognition  in 
stentorial  tones  that  can  not  be  longer  ignored. 
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ENGINEERING  APPLIED  TO  THE  AITOMOHILE. 


I).  W.  Kreidler,  M.  E.,  '11. 


The  growth  of  the  antomobih^  inamifactnre  lias  never 
been  exceeded,  if  parallelel,  by  auv  other  iiidnstry.  Tlioiigh 
this  development  has  taken  phice  within  a  period  of  ten  or 
twelve  years,  it  is  now  one  of  the  large  industrials  of  tlie  coun- 
try. One  firm  alone  proposes  to  Iniild  forty  tliousand  cars 
for  the  season  of  1910.  Several  will  build  ten  thousand,  and 
a  number,  five  thousand.  The  average  retail  price  of  these 
cars  will  certainly  not  l)e  less  than  one  thousand  dollars. 
When  we  consider  that  the  companies  engaged  in  motor  car 
manufacture  now  number  in  the  liundreds,  we  have  a  slight 
conception  of  the  capital  handled.  With  the  present  rapid 
increase  in  the  nundier  of  companies  building  cars,  it  is  more 
than  possible  that  there  will  be  an  overproduction  within  a 
year  or  two.  This  will  probably  cause  a  great  slump  in  the 
industry,  the  reaction  from  which,  will  place  the  business  on 
a  firmer  basis.  The  motor  car  has  too  many  practical  appli- 
cations to  ever  fall  as  the  bicycle  did.  It  is  only  a  question 
of  time  before  the  larger  portion  of  the  delivering,  in  the  cit- 
ies, will  be  done  with  automobiles.  Besides  the  commercial 
cars,  there  should  always  be  a  steady  demand  for  pleasure 
vehicles. 

The  design  and  numufacture  of  motor  cars  conies  under 
the  large  head  of  Mechanical  Engineering.  The  object  of  this 
article  is  to  show,  in  a  general  way,  that  automobile  engineer- 
ing represents  one  of  the  very  highest  types  of  engineering 
work. 

The  problems  involved  in  tlte  design  and  construction  of 
a  motor  car  are  peculiarly  difficult.  The  successful  automo- 
bile must  be  of  light  weight  for  a  given  power.  This  is  of 
great  importance  because  the  wear  on  tires  increases  very 
rapidly  with  an  increase  in  weight:  [tires  being  one  of  the 
largest  items,  in  the  running  expenses  of  a  car.]  The  suc- 
cessful automobile  sliould  be  safe,  and  comfortable,  even  at 
high  speeds  over  rough  roads.  It  sliould  be  ca])able  of  stand- 
ing severe  road  shocks  without  undue  strain,  or  misalign- 
ment of  its   machinerv.     This   same   machincrv    sliould    run 
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quietly  and  smoothly.  To  the  ahoAc  (jiialities  should  be  added 
that  of  beauty,  both  in  finish  and  lines.  Consider  all  of  these 
qualities  and  then  find  any  other  machine  more  difficult  to 
design  than  a  successful  motor  car. 

Taking  up  these  points  somewhat  in  detail,  as  they  apply 
to  the  different  parts  of  a  car,  let  us  consider  tirst,  the  motor. 
A  good  motor  should  be  light,  powerful,  (^uiet,  and  durable. 
To  secure  light  weight,  a  refined  design  must  be  used  in  which 
safety  factors  are  cut  to  a  minimum.  This  feature  is  true  of 
practically  the  entire  machine.  To  accomplish  this,  stresses 
must  be  calculated  accurately ;  or  else  a  considerable  amount 
of  good  judgment  from  past  experience  used.  In  either  case, 
the  design  should  be  checked  by  means  of  a  severe  test  of  the 
component  parts,  followed  with  a  test  of  the  assembled  car. 
Light  weight  is  further  attained  b}'  using  materials  best 
suited  for  each  individual  part.  For  example :  aluminum 
for  the  crank  case;  alloy  steel  for  crank  shaft  and  connecting 
rods;  the  very  best  cast  iron  for  pistons  and  cylinders.  To 
secure  maximum  power,  not  only  should  the  valves,  cams,  and 
parts  be  well  designed,  but  the  machine  work  must  be  as  ac- 
curate as  possible.  To  secure  quietness  of  operation  requires 
the  best  of  workmanship,  also  well  designed  valve  motions, 
having  as  little  clearance  as  possible.  The  timeing  gears 
must  be  cut  and  meshed  accurately.  Durability  is  obtained 
by  having,  in  addition  to  the  above  qualities,  accurately  de- 
signed and  well  fitted  bearings,  together  with  an  infallible 
oiling  system.  To  illustrate  what  has  been  accomplished  in 
motor  design,  it  might  be  said  that  there  are  any  number  of 
motors  weighing  less  than  ten  pounds  per  B.  h.  p.  If  it  were 
not  for  the  development  of  the  light  weight,  high  speed,  auto- 
mobile engine,  it  is  doubtful  if  the  airship  would  be  enjoying 
its  present  success. 

Let  us  next  consider  the  transmission;  [the  mechanism 
of  a  motor  car  which  gives  different  gear  ratios  between  the 
engine  and  rear  axle.]  This  should  be  light,  strong  and 
quiet.  To  obtain  lightness;  aluminum  for  the  case,  and  alloy 
steels  for  the  shafts  and  gears,  are  again  made  use  of.  It 
might  be  cited  that  the  automobile  has  probably  done  more  to 
develop  high  grade  alloy  steels,  such  as:  vanadium,  nickel, 
chrome,  etc.,  than  any  other  industry.  Ten  years  ago  a  steel 
having  a  tensile  strength  of  100,000  pounds  was  considered 
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extraordinary,  while  now  we  have  steels  which  show  a  tensile 
strength  as  high  as  240,000  pounds. 

Perhaps  the  greatest  problems  met  by  the  automobile 
designer  are  those  due  to  road  inequalities.  The  stresses  due 
to  shocks  received  by  a  car  traveling  over  a  rough  road  at 
speed,  are  very  severe,  and  dif&cult  to  calculate.  For  exam- 
ple, it  is  practically  impossible  to  calculate  the  stresses  to 
which  the  steering  gear  of  a  car  are  subjected  when  one  of  the 
front  wheels  strikes  an  obstacle.  The  greatest  i)roblems  prob 
ably  come  in  transmitting  the  power  from  the  transmission 
to  the  rear  axle.  The  usual  practice  is  to  bolt  the  transmis- 
sion to  either  the  car  frame  or  the  engine,  and  transmit  the 
power  through  a  shaft,  having  universal  joints  at  each  end, 
to  the  bevel  gears  located  in  the  rear  axle  case.  The  rear 
axle  must,  of  course,  be  fastened  to  the  frame  by  means  of 
springs,  thus  allowing  the  axle  to  play  up  and  down,  while 
the  transmission  remains  fixed  relative  to  the  frame.  This 
play  of  the  axle  relative  to  the  car  frame  causes  a  change  in 
the  angles  of  the  driving  or  propeller  shaft  at  the  universal 
joints.  This,  in  turn,  tends  to  catise  an  un-uniform  angular-ve- 
locity of  the  propeller  shaft.  The  motor,  with  its  tly  wheel 
and  higli  speed,  tends  to  continue  rotating  at  a  uniform  rate, 
thus  causing  severe  torsional  strain  in  the  propeller  shaft. 
In  the  case  of  a  single  universal  joint  in  the  propeller  shaft, 
as  is  sometimes  used,  the  lack  of  tmiformity  is  much  greater 
than  in  the  case  of  two.  Similar  difficulties  are  experienced 
in  the  case  of  side  chain  drive.  This  point  was  very  well  dis- 
cussed in  an  article  in  the  Horseless  Age  of  December  1.5,  '09, 
by  S.  Gerster. 

In  connection  with  the  rear  axle  there  is  the  problem  of 
taking  up  tlie  torsional  stresses  due  to  the  reactions  of  driv- 
ing and  brakeing.  As  the  car  is  driven  forward,  the  reaction, 
due  to  driving  throtigh  the  bevel  gears,  tends  to  cause  the  axle 
casing  to  rotate  in  a  counter  direction  to  that  of  the  wheels. 
Also,  when  the  brakes  are  thrown  on  they  tend  to  lock  the 
wlieels  to  tlie  axle  case,  thus  tending  to  rotate  the  same  in  the 
direction  in  which  the  wheels  rotate.  To  prevent  the  axle 
case  from  rotating,  the  torsion  must  be  taken  up  by  means  of 
a  rod  or  tube  rigidly  fastened  to  the  axle  casing  at  one  end 
and  hinged  to  the  frame  at  the  other,  so  that  the  axle  may  be 
free  to  play  up  and  down.     Usually  the  driving  force,  due  to 
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the  tractive  effort  of  the  rear  wheels,  is  transmitted  through 
the  springs  to  the  frame.  Thus  the  car  is  literally  pushed 
by  forces  acting  througli  the  springs.  In  some  designs,  the 
propeller  shaft  has  only  one  universal  joint  located  at  its 
forward  end.  In  this  case  the  torsion  member  takes  the  form 
of  a  tube  which  encloses  the  propeller  shaft.  In  this  scheme 
the  rear  springs  may  be  shackled  at  both  ends  and  thus  a  free 
spring  action  is  obtained.  This  means,  however,  that  the  tor- 
sion tube  must  transmit  the  force  which  pushes  the  car,  as 
well  as  take  up  the  torsion.  This  tube  must,  therefore,  act  as 
a  combined  column,  and  cantilever  beam.  The  size  of  torsion 
rods  and  tubes  could  be  easily  calculated  for  steady  driving 
stresses,  but  it  would  be  quite  impossible  to  figure  the  greater 
stresses  due  to  emergency  brakeing  or  sudden  engagement  of 
the  clutch,  connecting  the  motor  and  transmission.  For  this 
reason,  they  are  usually  designed  on  the  "cut  and  try"  method. 
In  conclusion,  we  may  say  that  the  successful  automobile 
must  be  a  light,  efficient,  and  dependable  mechanism;  capable 
of  withstanding  unusual  stresses  and  abuse.  Contrary  to 
popular  opinion,  there  are  very  few  cars  on  the  market  which 
come  up  to  these  exacting  requirements.  What  the  industry 
needs,  to  improve  the  quality  of  cars,  is  a  large  amount  of  re- 
search work  that  will  aid  the  designer.  Already  several  of 
the  engineering  schools  have  taken  up  this  work.  It  is  to  be 
hoped  that  all  of  the  better  institutions  will  soon  follow  their 
example.  As  the  manufacture  of  motor  cars  is  already  one 
of  the  big  industries  of  the  country,  the  engineering  colleges 
should  support  it  as  they  have  supported  the  railway,  and 
other  great  industries. 


WHITTEMORE — OXY-ACETYLENE  BLOW  PlPE.  71 


THE  MANIPULATION  OF  THE   OXY-ACETYLENE 
BLOWPIPE. 


Herbert  Lu.scius  W^hittemore,  B.  S., 
Associate   in   Theoretical   and  Applied   Mechanics. 


Wlieu  it  is  necessary  that  a  thing  be  of  the  greatest  use, 
it  is  sometimes  found  that  the  smaller  it  is  the  better.  For 
example,  machine  tools  for  finishing  large  castings  and 
forgings  are  now,  frequently,  made  as  light  and  compact  as 
possible.  The  overhead  crane  picks  them  up  and  carries 
them  to  the  wcu^k,  to  which  they  are  firmly  attached,  some- 
times two  or  more  to  the  same  piece.  Power  is  sujiplied 
by  electric  cable,  flexible  shaft,  or  air  hose,  and  the  work 
progresses  more  satisfactorily  than  was  the  case  when  the 
jnachine  tool  was  a  ponderous  structure  and  carried  the 
piece  upon  which  it  worked. 

A  more  striking  example  of  this  use  of  the  diminuitive 
is  the  development,  in  the  last  few  years,  of  the  oxy-acet- 
jdene  blowpipe  for  welding  and  other  work  on  metals. 

As  far  back  as  we  have  any  knowledge,  welds  have 
been  made  by  heating  the  pieces  in  a  fire  to  the  proper  tem- 
perature, then  removing  them  and  uniting  by  pressure. 
Usually  this  pressure  is  produced  hj  hammer  blows.  Both 
the  heating  apparatus  and  the  hammer,  with  its  necessary 
anvil,  must  be  of  great  size  for  large  work.  Now,  however, 
the  blowpipe,  held  in  the  operator's  hand  and  as  easily  con- 
trolled as  a  garden  hose,  may  be  substituted  for  the  older 
appliances  in  many  instances.  The  reason  that  very  large 
work  is  seldom  clone  with  the  blowpipe,  is  that  tlie  cost  is 
greater  than  for  the  older  methods — a  disadvantage  which 
may,  in  time,  be  removed.  It  is  probably  true  that  the 
blowpipe  will  never  replace  tlie  forge  entirely,  but  it  will 
furnish  the  means  for  performing,  more  easily  and  cheaply, 
certain  operations,  particularly  on  tlu^  thinner  plates,  sav 
up  to  an  inch  in  thickness.  Many  of  these  o])erations  are, 
moreover,  impossible  by  other  means,  hi  wehling  with  the 
forge  it  is  difficult  or  impossible  to  unite  metals  whicli  pass 
quickly  from  a  solid  to  a  liquid  state,  such  for  example,  as 
cast  iron,  so  that   forge  welding  is  practically  confined  to 
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those  wliicli  lu'coiiie  soft  or  plastk-  before  they  melt,  such  as 
Avrouglit  iron  or  soft  steel.  AVheu  tlie  blowpipe  is  used, 
pressure  is  unueeessar}^  as  the  inteusely  hot  flame  melts  the 
most  refractory  metals  and,  in  the  case  of  two  pieces,  ma- 
terial frcmi  each  runs  down  to  form  a  small  pool  of  molten 
metal  between  them  which,  of  course,  Uiuites  them  when 
cold.  Due  to  this  method  of  working,  cast  iron  is  frequent- 
ly welded,  and  brass  and  aluminum  are  also  successfully 
liandled.  The  whole  process  of  welding  steel  plates,  for  ex- 
ample, may  be  likened  to  the  joining  of  two  sheets  of  para- 
ffine  or  sealing  wax  which  could  be  united  by  heating  with 
a  small  gas  burner  from  above  so  that  the  material  Avould 
flow  together  across  the  seam.  Tlie  molten  steel  behaves 
much  like  tlie  liot  wax  except  tliat  it  does  not  become  so 
fluid. 

The  oxy-acetylene  blowpipe  is  an  outgrowth  of  the  or- 
dinary blowpipe  supplied  with  air  and  illuminating  gas. 
With  any  blowpipe,  the  necessary  elements  to  be  supplied 
are  the  oxygen  and  the  combustible  gas  with  which  it 
unites.  Given  amounts  of  these  will  always  develop  the 
same  amount  of  lieat  but  the  temperature  of  the  flame  will 
depend  ui)on  the  total  amount  of  gas  to  be  heated.  When 
air  is  used,  the  nitrogen,  which  dilutes  the  oxygen,  adds 
nothing  to  produce  heat  but  absorbs  heat  in  passing 
through  the  flame  and  so  lowers  its  temperature.  If  oxy- 
gen is  substituted  for  air  an  increase  in  the  flame  tempera- 
ture will  be  obtained,  and  the  temperature  may  be  raised 
still  further  by  replacing  illuminating  gas  with  some  oth- 
er gas  liaving  a  higher  thermal  value  per  unit  of  volume, 
such,  for  example,  as  hydrogen  or  acetylene. 

The  oxy-hydrogen  blowpipe  has  been  used  extensively 
and  will  weld  steel  and  other  metals  if  the  thickness  is  not 
too  great.  The  temperature  obtained  is  about  4000  de- 
grees F.  This  is  above  the  melting  point  of  mild  steel 
wliich  is  2687  degrees.  It  must  be  remembered  that  the 
liot  metal  directly  under  the  blowpipe  is  surrounded  by  a 
com])aratively  large  amount  of  cold  metal  which  is  rai)idly 
absorl)ing  heat  due  to  the  fact  that  metal  is  a  good  conduct- 
or. To  melt  the  metal  at  tlie  surface,  then,  it  is  necessary 
to  supply  heat  faster  than  it   is  conducted  away.     This  the 
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oxy-hydrogeu  blowpipe  is    unable    to    do    if    the  plates  are 
thick. 

The  oyx-acetylene  blowpipe,  due  to  the  much  higher 
thermal  value  of  acetylene  compared  with  hydrogen,  has  a 
flame  temperature  of  about  6000  degrees  F.  which  allows 
the  surface  of  metal  several  inches  in  thickness  to  be  read- 
ily fused.  The  objection  that  such  a  temperature  over- 
heats the  metal  and  destroys  its  useful  properties,  is  met 
with  the  claim  that  the  heat  is  conducted  from  the  surface 
so  rapidly  that  'none  of  the  metal  is  ever  heated  much  above 
its  melting  point  and  that  the  high  temperature  of  the  flame 
permits  work  to  be  done  more  rapidly  and  perfectly  as  fu- 
sion can  be  easily  produced. 

Although  there  are  a  number  of  forms  of  oyx-acetylene 
blowpipe  on  the  market,  they  are  probably  much  alike,  ex- 
cept in  minor  details,  and  doubtless  good  work  can  be  done 
with  any  of  them.  One  of  the  pioneers,  if  not  the  first  suc- 
cessful design,  is  that  of  Fouclie  which  is  shown  in  Fig.  1. 
This  particular  size  is  intended  to  weld  steel  plates  up  to 
one  quarter  inch  in  thickness;  for  this  work  six  interchange- 
able heads  are  provided.  The  head  is  the  portion  C-D  in 
Fig.  1,  any  one  of  which  may  be  easily  fitted  to  the  haindle 
B-E.  Each  head  is  adapted  for  one  comparatively  small 
range  in  thickness  of  metal  to  be  welded. 


ri(^.  / 


The  acetylene  is  supplied  through  cock  B,  and  the  oxy- 
gen through  cock  A.     Rubber  hose  connects  each  cock  with 
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the  generator  or  siipi)ly  tank  so  that  the  MoAvjjipe  may  be 
freely  moved  as  the  work  reqnires.  The  pressure  of  the 
acetylene  and  of  the  oxygen  is  controlled  by  automatic  reg- 
ulators which  maintain  a  certain  constant  pressure  in  each 
hose.  This  varies  somewhat  witli  the  size  of  blowpipe  and 
other  conditions. 

A  diagrammatic  outline  of  the  ccmstruction  of  the  blow- 
pipe head  C-D,  is  shown  at  c-d,  Fig.  1.  The  oxygen  enters 
at  c  and  the  acetylene  at  e.  They  both  enter  the  mixing 
chamber  at  f  and  pass  out  through  the  tip  of  the  blowpipe 
g-d  to  the  air  where  combustion  takes  place. 

With  the  proper  tip  in  place  for  the  work  to  be  per- 
formed and  the  gases  supplied  u'lder  their  proper  pressures, 
the  workman  turns  the  acetylene  on  full  at  cock  B  and 
when  its  characternstic  odor  is  detected  at  the  tip  D  ignites 
it.  The  flame,  which  is  much  like  A  Fig.  2  in  appearance, 
is  pale  or  colorless  close  to  the  tip  but  becomes  luminous  at 
its  outer  end,  much  like  an  ordinary  gas  jet.  Clouds  of 
black  soot  can  be  seen  rising  beyond  the  outer  end  of  the 
flame.  The  oxygen  is  then  admitted  by  cock  A  Fig.  1  when 
the  flame,  previously  quiet,  gives  a  hissing  sound  and  short- 
ens as  at  B  Fig.  2,  The  "first  cone,"  as  it  is  sometimes 
called,  1,  B  Fig.  2,  is  perhaps  a  quarter  of  an  inch  long  and 
dazzlingly  white  like  an  electric  arc.  The  workman  should 
wear  large  colored  goggles  to  protect  his  eyes  from  this  in- 
tense light.  If  this  is  not  done,  not  only  is  it  almost  im- 
possible to  see  distinctly  enough  to  properly  direct  the  flame 
but  the  strain  on  the  eyes  will  cause  flashes  of  light  to  ap- 
pear on  closing  them,  for  an  hour  or  more  afterwards,  and, 
if  continued,  probably  result  in  injury.  If  the  flame,  B 
Fig.  2,  is  viewed  without  the  goggles,  it  has  a  somewhat 
blurred  outline,  but  through  them,  the  "first  cone,"  1,  pre- 
sents the  hard,  rigid  appearance  of  a  white-hot  cylinder  of 
metal  having  a  semispherical  end.  The  "second  cone,"  2, 
is  luminous  but  less  so  than  the  first.  Its  outline  is  some- 
what indefinite  or  feathery,  especially  at  the  tip.  Beyond 
these  is  a  pale  blue  flame,  3,  of  indistinct  outline. 

If  the  acetylene,  which  is  being  supplied  in  excess,  is 
reduced  in  amount  by  partially  closing  cock  B  Fig.  1,  the 
"second  cone"  shortens  and  then  disa]>pears,  leaving  only 
the  "first  cone,-'  followed,  of  course  by  the  pale  flame  as  be- 
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fore.  The  flame  is  now  properly  regulated  for  welding  or 
other  work,  and  care  should  be  taken  that  this  appearance 
is  maintained  wliile  the  blowpipe  is  in  use.  If  the  amount 
of  acetylene  is  reduced  too  much  the  "first  cone"  shortens, 
gradually  and  appears  to  become  more  conial  in  shape. 
The  angle  x  of  the  pale  flame,  3,  also  increases  quite  notice- 
ably, D  Fig.  2,  and  the  whole  flame  "sputters." 


^^/6.2 


Theoretically  2.5  volumes  of  oxygen  should  be  supplied 
for  every  volume  of  acetylene  to  produce  perfect  combus- 
tion, but,  in  practice,  the  ratio  is  only  about  1.7  to  1.  Under 
these  conditions  the  carbon  in  the  acetylene  unites  immedi- 
ately with  the  oxygen,   producing  the   "first  cone."     Much 
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of  the  hydrogen  passes  on  and  unites  with  oxygen  from  the 
air  to  form  the  pale  blue  flame.  The  highest  temperature 
is  at  the  tip  of  the  "first  cone,"  as  can  be  readily  proA^en  by 
noting  the  rapidity  with  which  it  produces  fusion  of  metal 
with  which  it  is  in  contact.  It  is,  therefore,  used  in  weld- 
ing. The  pale  flame,  of  much  larger  volume,  acts  as  a 
transparent  blanket  to  prevent  the  too  rapid  loss  of  heat 
from  the  "first  cone''  and  adjacent  metal  and,  more  impor- 
tant still,  to  prevent  the  oxygen  of  the  air  from  oxidizing 
the  hot  metal. 

The  striking  change  in  the  appearance  of  the  flame,  as 
the  proportion  of  oxygen  to  acetylene  is  varied,  is  said  to 
allow  the  proper  regulation  to  be  effected  with  gi'eat  pre- 
cision, as  a  slight  change  from  the  proper  proportion  makes  a 
decided  change  in  the  appearance  of  the  flame.  With  this 
style  of  blowpipe,  if  after  proper  regulation  is  obtained, 
work  is  continued  for  some  time,  it  will  be  found  that  the 
amount  of  acetylene  required  is  somewhat  increased.  This 
is  probably  due  to  the  increase  iii  the  temperature  of  the 
blowpipe.  It  is  well  to  adjust  tlie  amount  of  acetylene 
from  time  to  time,  which  can  be  most  conveniently  done, 
perhaps,  by  admitting  an  excess  and  then  reducing  it  to  the 
proper  amount. 

Interruption  of  the  work,  momentarily,  luaj  not  only 
occur  while  regulating  the  flame  but  also  by  "back  firing'' 
or  ignition  of  the  gases  within  the  mixing  chamber  f-g 
Fig.  1,  where  they  continue  to  burn.  To  understand  this 
we  must  remember  that  we  have  in  the  mixing  chamber  an 
explosive  mixture  and  it  is  its  explosion  wliicli  causes  the 
snap  or  crack  when  the  flame  "back  fires.''  If  this  mixture 
Avere  in  a  small  tube  and  ignited  at  one  end,  it  would  be 
found  that  the  explosion  would  be  propogated  along  the 
tube  at  a  perfectly  definite  rate  and  would  not  occur  in- 
stantaneously the  whole  length,  as  might  be  supposed.  If, 
now,  the  mixture  flows  through  the  tube  at  a  rate  slightly 
greatly  than  that  of  the  explosion,  combustion  Avill  take 
place  quietly  at  the  outer  end  of  the  tube  just  as  it  does  at 
the  tip  of  the  blowpipe.  The  reason,  then,  that  "back  fir- 
ing" does  not  occur  under  ordinary  conditions,  is  that  the 
explosive  mixture  is  flowing  out  througli  the  blowpipe  tip, 
from  g  to  d  Fig.  1,  at  a  greater  rate  than  the  propogation  of 
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the  explosion  from  d  to  g.  The  only  reason  for  "back  tir- 
ing/' then,  is  a  reduction  of  the  velocity  of  the  gas  in  the 
tip.  If  a  metal  plate  is  held  perpendicuarly  to  the  flame 
and  gradually  brought  toward  the  tip,  a  point  will  be  found, 
which,  if  passed,  will  reduce  the  velocity  of  the  gas  and  soon 
cause  "back  tiring."  Theoretically  tliis  point  is  one  quar- 
ter the  diameter  of  the  hole  in  the  tip  from  it.  Due  to  the 
shortness  of  the  "first  cone,"  it  is  not  unusual,  in  working 
with  the  blowpipe,  to  pass  the  tip  too  close  to  the  metal, 
which  will  result  in  "back  firing";  or,  if  the  flow  his  been 
cut  off  quickly  and  completely  the  result  would  be  to  ex- 
tinguish the  flame.  When  "back  firing"  occurs,  the  gases 
continue  to  burn  inside  the  mixing  chamber,  probably  at 
f  Fig.  1,  as  oxygen  from  the  air  is  unnecessary,  at  least  for 
incomplete  combustion.  While  this  heats  the  head  of  the 
blowpipe,  and  is,  therefore,  undesirable,  it  is  not  particular- 
ly dangerous  because  an  explosion  can  not  continue  along 
either  the  oxygen  or  the  acetylene  passages  which  are  sep- 
arate from  this  point.  As  oxygen  is,  usually,  under  higher 
pressure  than  the  acetylene,  there  is  the  possibility  that  a 
complete  stoppage  of  the  tip  for  a  considerable  time  would 
cause  the  oxygn  to  "back  up"  into  the  acetylene  passages 
and  possibly  into  the  acetylene  generator  or  tank.  To  pre- 
vent such  a  dangerous  occurrence,  the  acetylelue  is  passed 
through  a  special  "back  pressure  valve"  placed  as  near  as  pos- 
sible to  the  blowpipe.  This  automatically  opens  to  the  air  if 
tlie  direction  of  flow  through  it  is  reversed;  i,  e,  from  the  blow- 
pipe toward  the  acetylene  generator.  When  "back  firing"  oc- 
curs the  flame  inside  the  mixing  chamber  can  be  extinguished 
by  shutting  off  the  gases.  The  blowpipe  can  then  be  relighted 
as  at  first.  A  small  acetylene  gas  jet  is  frequently  provided, 
in  the  pipe  supplying  acetylene,  for  this  purpose.  It  is  kept 
constantly  burning  while  work  is  in  progress.  Another  and 
quicker  wa}'  to  extinguish  the  "back  fire"  is  to  close  the  tip 
for  an  instant.  This  will  increase  the  pressure  in  the  mixing 
chamber  a^nd  stop  the  flow  of  at  least  one  of  the  gases  and  so 
make  further  combustion  impossible.  A  convenient  method 
of  stopping  the  tip  is  to  brush  across  it  with  the  palm  of  the 
band  or  finger.  The  tip  is  seldom  hot  enough  to  cause  incon- 
venience if  the  contact  is  onlv  instantaneous.     If  the  metal  is 
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still  red  hot  after  the  "back  fire''  in  extinguished,  the  blowpipe 
may  be  relighted  by  directing  it  agiust  the  weld. 

Usually  the  acetylene  is  supplied  under  a  pressure  which 
is  determined  b}'  the  t^pe  of  generator,  etc.,  and  so  can  not  be 
readily  altered.  In  the  case  of  the  oxygen,  however,  which  is 
usually  stored  under  pressure  in  steel  bottles,  the  pressure 
may  be  varied  as  desired  over  a  wide  range.  Each  size  of 
head  in  the  Fouche  blowpipe  requires  a  different  oxygen  pres- 
sure which  can  be  varied  somewhat  at  the  wish  of  the  oper- 
ator. If  this  pressure  is  increased  too  much,  the  supply  of 
acetylene,  which  can  not  be  varied,  will  be  insufficient  to  al- 
low proper  regulation  of  the  flame  and,  usually  some  excess 
should  be  available  as  the  blowpipe  heats.  If  on  the  other 
hand,  the  ox;\-gen  pressure  is  reduced  too  much,  while  the 
proper  flame  regulation  can  be  obtained  readily,  it  will  be 
found  that  "back  firing"  is  of  such  frequent  occurrence  that 
satisfactory"  work  is  impossible.  This  is  due,  as  previously 
explained,  to  the  low  velocity  of  the  gas  througli  the  blowpipe 
tip.  It  is  this  tendency  to  "back  fire"  which  prevents  a  blow- 
pipe head  from  being  used  for  smaller  work  than  that  for 
which  it  is  intended. 

If  the  blowpipe  becomes  overheated,  there  is  also  an  in- 
creased tendency  to  "back  fire."  When  this  becomes  trouble- 
some, the  blowpipe  may  be  cooled  in  water.  It  is  preferable 
to  extinguish  the  flame  and  leave  at  least  one  of  the  gases  flow- 
ing to  prevent  water  entering  the  blowpipe  and  clogging  the 
passages  temj^orarily. 

Should  the  tip  become  partially  clogged  by  molten  metal 
during  the  progress  of  the  work,  (made  apparent  by  the  ir- 
regularity in  the  shape  of  the  flame)  it  may  be  cleared  with 
a  piece  of  soft  wire,  but  care  should  be  taken  that  the  size  of 
the  hole  is  not  increased. 

The  effect  of  the  gases  upon  the  workman  is  of  interest. 
at  least  to  him.  While  oxygen  probably  has  no  bad  effects  in 
the  quantities  which  he  would  breath,  the  acetylene  has  a  very 
noticeable  effect.  The  giddiness  ])roduced  by  a  few  inhala- 
tions of  it  will  make  anyone  careful  to  avoid  a  repetition  of 
the  experience.  Z.  f.  Calcium  Carhid  reports  that  four  per- 
sons inspecting  an  acetylene  generator,  noticed  an  unpleasant 
odor  and  left  the  room.  After  being  ten  or  fifteen  minutes  in 
the  open  air,  each  became  unconscious.    Upon  their  recovery, 
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the  doctor  explained  the  highly  poisonous  nature  of  acetylene 
gas.  The  gas  produced  by  the  blowpipe  flame,  consisting  as  it 
does  largely  of  carbon  dioxide,  is  also  injurious  in  large  quan- 
tities. For  this  reason,  as  well  as  to  avoid  the  accumulation 
of  an  explosive  mixture  in  the  room,  it  is  well  to  liave  a  cur- 
rent of  fresh  air  where  the  work  is  carried  on. 

In  welding  steel,  which  is  the  only  material  to  be  con- 
sidered here,  no  flux  or  other  foreign  substance  is  required. 
If  the  sheets  are  thin,  say  one  sixteenth  inch  thick,  they  may 
be  placed  in  the  position  they  are  to  occupy  and  fused  togeth- 
er along  the  joint  with  the  blowpipe.  If  they  are  practically 
in  contact  their  full  length,  it  will  be  found  after  work  has 
proceeded  a  short  distance,  that  the  edges  are  crowding  to- 


gether ^>;^th  sufficient  force  to  cause  the  plates  to  warp  and 
buckle  in  a  most  surprising  way.  This  is  true  of  all  thick- 
nesses of  plates  and  is  caused  by  the  contraction  of  the  metal 
in  the  weld  in  cooling  from  the  molten  state.  It  may  be 
avoided  by  placing  the  edges  of  the  plates  in  contact  where 
work  is  to  start  and  with  a  considerable  distance  between 
them  at  the  other  end  of  the  joint.    This  distance,  experience 
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proves,  should  be  about  21/0  per  cent  of  the  length  of  the  weld. 
If  this  is  done  it  will  usually  be  found  that  the  edges  will 
come  together  under  the  blowpipe  as  the  work  progresses. 

Wlien  the  plates  are  thicker,  sav  one  quarter  inch  or 
more,  the  blowpipe  would  fail  to  melt  the  metal  for  the  entire 
thickness,  so  it  is  customary  to  bevel  them  at  an  angle  of 
about  45  degrees,  Fig  3.  This  allows  the  blowpipe  to  weld 
the  edges  in  contact  at  the  bottom  of  the  groove  first,  then 
the  thickness  is  gradually  increased  to  that  of  the  plates  by 
fusing  in  additional  metal.  This  "fUler"  may  be  iron  or  steel 
wire  or  strips  of  small  cross  sectional  area  so  that  it  will 
melt  readily  when  placed  in  the  blowpipe  flame.  While  strips, 
cut  from  the  plates  to  be  welded,  may  be  used,  wire  is  more 
convenient.  Very  soft  steel  or  wrought  iron  seems  to  give 
the  best  results.  If  the  diameter  of  the  wire  is  too  small,  sev- 
eral strands  may  be  twisted  together. 

Any  way  of  handling  this  wire,  which  is  convenient  for 
the  workman,  may  be  used,  but  Mr.  Fritze's  method  will  pro- 
bably prove  satisfactory  to  many.  He  cuts  off  the  length 
Avhich  can  be  conveniently  handled,  say  six  feet,  and  coils  it 
into  a  rough  ring  about  three  inches  in  diameter  so  that  it 
can  be  grasped  easily  in  the  left  hand.  The  projecting  end, 
about  ten  inches  long,  is  melted  away  as  required  and  as  it 
shortens,  more  of  the  wire  is  unwound  from  the  coil  by  press- 
ing the  projecting  end  against  any  firm  support,  without  re- 
moving the  coil  from  the  hand  or  delaying  the  work.  The  coil 
forms  a  handle  for  the  projecting  wire  and  gives  rather  better 
control  of  it  than  is  otherwise  the  case. 

The  blowpipe  is  held  usually  in  the  right  ]>an<l  and  pre- 
ferably at  such  a  point  that  it  balances  without  any  wrist 
effort,  which  quickly  becomes  tiresome.  The  hose  should  lead 
straight  from  the  blowpipe  and  may  be  supported,  if  conven- 
ient, to  avoid  drag  or  twist  on  the  blowpipe. 

If  the  plates  tend  to  crowd  too  closely  together  as  work 
progresses,  a  wedge  of  some  kind,  often  the  tang  of  a  file,  is 
used  to  keep  them  apart.  This  is  also  useful,  if  they  tend  to 
overlap,  in  bringing  them  again  into  the  same  plane.  See 
Fig.  4  and  5, 

We  now  come  to  the  actual  work  of  welding,  to  which 
the  above  is  merely  preliminary.  The  skill  of  the  operator  is 
an«important  consideration,  especially  in  difficult  work, -such. 
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for  example,  as  the  internal  repairing  of  marine  boilers  where 
the  work  is  clone  overhead,  when  necessar}',  while  the  work- 
man lies  on  his  back.  There  are  ports  on  the  Mediterranean 
where  such  repairs  are  frequently  made.  Still,  ordinary 
work  requires  no  great  amount  of  practice  and  unskilled 
worknjen  after  a  few  days  training,  are  employed  on  welding 
in  some  shops. 

In  starting,  the  blowpipe  is  swung  from  side  to  side 
across  the  joint  where  the  weld  is  to  begin,  for  a  distance  of 
perhaps  half  an  inch.  The  tip  of  the  "first  cone"  is  kept  about 
in  contact  with  the  metal  which  first  becomes  red  hot,  then 
melts  at  the  surface.  This  molten  metal  from  the  sides  of 
the  groove  tends  to  flow  downward,  but  being  somewhat 
viscous  requires  the  blast  of  the  blowpipe  flame,  in  many 
cases,  to  blow  it  downward  and  unite  it  with  the  molten 
metal  on  the  other  side  of  the  seam.  Tlie  motion  of  the  blow- 
pipe from  side  to  side  or  in  small  circles  helps  this  greatly, 
and  it  also  heats  a  larger  area  of  metal  than  would  be  possi- 
ble with  the  blowpipe  stationary. 


re e/ Acf  ^o  o-o 


no.  6. 


r/(7.  Z 


F/0. 8, 


When  the  bottom  of  the  groove  is  thoroughly  molten,  ma- 
terial is  added  from  the  filling  wire  to  bring  tlie  thickness  up 
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to  that  of  the  plates.  This  is  done  gradually,  when  the  weld 
will  appear  somewhat  as  iu  Fig.  G.  A  longitudinal  section 
through  the  weld  is  shown  at  A  and  sections  through  the 
weld  at  various  points  at  B,  C  and  D.  When  the  bottom  of 
the  groove  is  well  united,  as  at  C,  care  should  be  taken  not  to 
heat  the  metal  too  highly,  as,  aided  by  the  pressure  of  the 
blast  from  the  blowpipe,  it  may  fall  out  leaving  a  hole  as  at 
A  Fig.  7,  and  the  blast  will  (luickly  enlarge  it  by  melting  away 
the  edges.  When  this  occurs,  the  edges  should  be  kept  molten 
by  passing  the  flame  back  and  forth  across  the  opening  and 
metal  added  by  pushing  the  tiller  into  the  hole  and  fusing  off 
a  short  piece.  This  should  be  repeated  rapidly  until  the  hole 
is  fairly  well  stopped,  then  the  flame  directed  onto  the  place 
until  thorough  fusion  takes  place.  Metal  is  then  added,  a 
little  at  a  time,  to  bring  the  surface  of  the  gi'oove  up  to  that 
of  the  plates.  It  is  said  that  playing  the  flame  onto  the  filler 
directly  will  overheat  the  metal  so  it  is  well,  perhaps,  to 
bring  the  filler  into  contact  with  the  molten  metal  of  the  weld, 
then  melt  oft  the  required  amount  by  a  few  passes  of  the  flame 
over  the  filler. 

Probably  the  cause  of  most  failures  to  produce  good  work 
is  that  the  tilling  has  been  added  where  the  metal  in  the  weld 
is  not  thoroughly  molten.  While  such  metal  will  adhere  quite 
firmly,  the  strength  is  much  less  than  for  the  molten  metal 
after  cooling.  If  such  a  defect  exists  iu  a  weld  subjected  to 
a  tension  test,  it  will  fail  along  the  original  bevel  Fig.  8, 
which  may  still  slunv  the  tool  marks  on  the  fractured  surface. 
Tiiis  may  only  extend  over  a  small  area,  each  side  of  wliicli 
the  metal  will  separate  perpendicularly  to  the  surface  of  the 
weld,  a-b  Fig.  8. 

If  the  blowpipe  is  held  as  shown  at  A  Fig.  6,  the  blast 
from  the  flame  will  assist  considerably  in  piling  the  molten 
metal  up  toward  the  higher  side  of  the  weld  c,  which  is  made 
easier  by  setting  the  plates  at  a  slight  angle  upward  to  the 
h^ft.  About  an  inch  rise  per  foot  of  weld  is  considered  suf- 
ficient. 

There  are  two  rather  distinct  ways  of  handling  the  addi- 
tion of  filler  material.  In  the  first  the  bottom  of  the  groove 
is  joined  for  perhaps  a  quarter  or  half  an  inch,  then  filler 
added  as  fast  as  convenient  and  worked  into  the  sides  of  the 
groove  by  melting  material  from  them.    The  metal  then  forms 
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a  little  liquid  pool  perhaps  half  an  inch  in  diameter.  This 
when  level  with  the  surface  of  the  plates  is  allowed  to  cool 
while  the  blowpipe  is  used  to  join  the  bottom  and  form  a  new 
pool  just  ahead  which  will  overlap,  slightly,  that  just  com- 
pleted. In  the  second,  the  slope  of  the  metal  on  the  advancing 
face  of  the  weld,  is  maintained  at  about  the  same  angle  by 
adding  filler  equally  from  top  to  bottom.  The  bottom  mean- 
while is  not  allowed  to  advance  faster  than  the  weld  as  a 
whole.  It  is  claimed  that  this  is  much  the  preferable  method, 
especially  if  nmterial  is  added  frequently  in  small  quantities 
by  brushing  the  filler  over  the  molten  metal  through  or  close 
to  the  flame.  It  is  advisable  also  to  work  with  the  blowpipe 
at  tlie  greatest  distance  from  the  metal  whicli  does  not  inter- 
fere wih  the  progress  of  the  work.  After  the  work  is  once 
well  sarted  it  will  be  found  that  the  tip  of  the  flame  need  sel- 
dom or  never  touch  the  surface  of  the  metal.  This  will  avoid 
overheating  the  metal,  if  tlmt  is  possible. 

When  material  is  first  added  to  the  weld  it  forms  a 
slight  mound  which  spreads  and  unites  with  the  weld  at  its 
edges  as  the  flame  is  directed  upon  it.  At  first  also  it  appears 
covered  with  irregular  spots  and  figures  which  are  much 
more  fiuid  than  the  metal  just  beneath  them.  They  appear  to 
be  more  luminous  than  the  metal  itself  which  seems  onl}'  red 
hot  by  comi)arison.  These  spots  collect  into  small  globules 
under  the  action  of  the  blowpipe  and  are  driven  back  by  the 
l)last  to  the  cooler  surface  of  the  weld.  Probably  this  is 
largely  iron  oxide  or  "mill  scale*'  from  the  surface  of  the 
filler  wire.  Cleaning  the  surface  of  the  wire  reduced  the 
amount  appearing  in  the  weld  very  noticeably.  It  can  Imrdly 
be  a  desirable  element  in  tlie  weld,  whatever  its  nature,  and 
so  should  be  driven  away  as  much  as  possible  before  adding 
more  filler. 

The  outline  of  the  method  of  handling  the  blowpipe  given 
above,  which  is  based  upon  experience  gained  through  prac- 
tice as  well  as  reading,  should  be  considered  rather  in  the  na- 
ture of  suggestions  than  as  proven  facts.  Eacli  workman  will 
develoj)  metliods  whicli  are  satisfactory  to  him,  and  tlie  in- 
structions available  to  any  person  wlio  has  no  more  experi- 
enced instructor  to  help  him  are  very  meager  and  indefinite. 
From  the  nature  of  the  subject,  sketches  are  difficult  to  make 
accurately,  but  they  convey  ideas  which  are  at  least  reason- 
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ably  detiuit«.\  These  diagrams  are  the  first  which  the  writer 
lias  seen  showing  the  actual  welding  process.  If  they  prove 
a  lielp  to  someone  doing  such  work,  they  .will  liave  served 
tlieir  purpose  and  possibly  encourage  others  with  more  ex- 
perience to  illustrate  their  ideas.  The  fact  tiiat  many  weld- 
inir  outfits  are  sold  bv  the  manufacturers  with  onlv  written 
instrucion  for  tlie  operators,  shows  that  personal  instruction 
can  be  dispensed  with  successfully.  After  the  fundamental 
ideas  are  grasped,  practice  is  doubtless  the  great  factor  in 
jirixlucing  good  work. 

The  writer's  practical  experience  with  the  blow])ii)e  has 
been  gained  while  making  a  series  of  tests  in  the  Laboratory 
of  Applied  Mechanics,  University  of  Illinois,  to  determine  the 
physical  properties  of  oxy -acetylene  A\elds  in  steel  plates. 
This  is  a  matter  of  importance  due  to  the  increased  use  of  the 
blowpipe  commercially  and  the  very  meager  and  unsatisfac- 
tory information  avaihible  regarding  the  strength  etc.  of 
such  welds  and  the  conditions  necessary  to  produce  the  best 
results. 
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THE  RELATION  BETWEEN  WEIGHT  AND  CAPACITY 
OF  PRIME  MOVERS.* 


Ralph  E.  Holch,  M.  E.,  '10. 


The  great  amount  of  material  going  into  the  construction 
of  prime  movers  brings  up  the  question  of  how  or  where  a 
saving  might  be  made.  If  there  is  some  rehition  between 
weight  and  capacity,  this  Avill  furnisli  information  in  answer- 
ing the  question.  Economy  of  the  medium  used  in  the  engine, 
or  of  steam  versus  gas  or  water,  tlie  transportation  of  fuel, 
or  other  considerations  might  decide  the  question  against 
economy  of  material  used  in  construction  of  prime  movers. 
But  so  many  are  made  and  so  many  are  still  to  be  made  that 
the  question  should  be  of  importance  to  all  interested  in  the 
generation  of  power. 

Most  of  the  data  considered  was  obtained  from  American 
manufacturers,  but  some  was  taken  from  technical  papers. 
All  ratings  of  prime  movers  were  reduced  to  brake  liorse 
power  by  assuming  a  general  mechanical  efficiency  of  ninety 
percent.  Weight  per  brake  horse  power  was  then  found  by 
dividing  the  weight  of  each  machine  b^^  its  rating. 

To  plot  curves  and  let  each  engine  represent  a  point  was 
found  unsatisfactory,  for  the  weight  of  engines,  even  those 
in  the  same  series  of  sizes,  do  not  follow  closely  any  given 
law.  If  plotting  were  done  this  way,  the  points  would  form  a 
cloud  rather  tlian  follow  a  line.  It  was  found  better  to  aver- 
age the  figures  for  engines  of  a  class  and  within  a  short  range 
of  capacity,  and  use  these  averages  in  plotting  curves; 

It  was  also  found  tlint  tliere  is  a  great  variation  in  total 
weight  and  in  weight  per  horse  power  of  prime  movers  of  the 
same  capacity  and  class,  but  of  different  design  and  built  by 
different  makers.  This  at  once  indicates  that  tliere  is  but 
little  close  relation  between  weight  and  capacity,  tlio  theore- 
tically there  might  be  a  close  one.  To  make  matters  more  in- 
volved, it  was  found  that  for  a  single  design  built  in  a  series 
of  sizes  by  one  maker,  there  is  the  same  lack  of  any  law.  One 
engine  has  a  given  weight,  the  next  size  larger  may  increase 


*Extract  from  thesis  by  S.  B.  Wright  and  R.  E.  Holch,  presented  at 
the  University  of  Illinois  in  June,  1909. 
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but  little,  aucl  the  uext  a  great  deal.  In  mauy  catalogues,  two 
consecutive  engines  of  a  series  would  be  quoted  as  having  the 
same  weight.  In  some  cases  three  consecutive  engines  would 
be  treated  in  the  same  way,  aud  in  a  few  four.  This  is  proba- 
bly due  to  the  use  of  standard  parts  which  some  makers  adapt 
to  two  sizes,  some  to  three,  and  some  to  four,  and  partly  to 
the  inaccuracy  in  the  production  of  castings  of  uniform 
weight.  Some  manufacturers  advance  the  weights  of  engines 
of  a  series  by  the  same  amount  altho  the  capacity  increase 
is  not  constant.  This  seems  to  be  a  simple  guess  on  the  part 
of  the  maker.  Some,  tho  few,  go  so  far  as  to  record  the  ac- 
tual weights  down  to  the  ten  pound  point  of  accuracy. 

It  was  found  that  there  is  a  more  or  less  sharp  bend  at 
the  lower  end  of  the  curves  plotted.  This  portion  of  the 
curve  represents  engines  of  small  power.  The  upper  part  of 
the  curves  was  as  a  rule  more  straight.  The  bend  in  the 
curves  for  reciprocating  engines  is  quite  sharp  and  is  due  per- 
haps to  the  extra  weight  of  small  machine  parts,  which,  for 
small  engines,  are  heavier  than  would  be  necessary  if  design- 
ed for  strength  only.  This  extra  weight  on  the  small  engine 
is  a  smaller  percentage  of  the  total  than  is  the  case  with 
larger  ones.  It  is  seen  that  the  w^eight  per  horse  powder  would 
be  larger  for  these  smaller  engines  than  for  the  ones  further 
lip  on  the  curve.  Small  engines  are  built  for  higher  speeds 
tlmn  larger  ones.  Therefore,  the  frame  must  be  heavier 
in  proportion  to  prevent  violent  vibration.  A  similar  bend 
occurs  in  the  curves  for  marine  gas  engines,  vertical  oil  en- 
gines, and  water  turbines,  but  it  is  in  the  other  direction. 
Why  this  reversal  should  be  is  not  clear.  Neither  is  it  clear 
why  the  bend  in  tlie  curves  for  water  and  steam  turbines 
should  be  in  opposite  directions  as  the  machines  are  so  much 
alike  in  construction. 

It  was  found  from  the  curves  tliat  turbines,  water  or 
steam,  are  much  ligliter  per  horse  power  than  reciprocating 
engines.  This  is  due  mostly  to  the  difference  in  the  speeds 
used  and  the  necessity  for  a  fly  wlieel  on  reciprocating  en- 
gines. In  late  yenrs  the  advance  in  the  use  of  high  speeds  in 
machinery  has  made  the  building  of  turbines  not  only  useful 
but  necessary.  The  invention  of  the  centrifugal  pump  and 
air  compressor  has  made  a  great  field  for  the  turbine. 
The  centrifugal   pump   of  series  design   has   been  made  to 
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lift  water  nearly  two  thousand  feet.  The  fan  blower  has  been 
made  to  furnish  air  at  ninety  pounds  pressure.  Both  of  these 
machines  are  of  small  size,  and  being  driyen  by  steam  tur- 
bines, which  are  also  small,  it  is  easy  to  see  that  a  great  sav- 
ing of  material  can  be  made  bv  the  use  of  such  combinations. 
There  is  little  question  as  to  the  superiority  of  turbines  in 
electrical  plants;  and  they  are  proving  of  great  value  as  sub- 
stitutes for  reciprocating  engines  in  marine  work.  In  the 
latter  service,  a  saving  of  space  is  also  of  prime  importance. 
There  is  little  doubt  that  in  the  future,  possibly  the  near  fu- 
ture, there  will  be  a  large  saving  of  materials  by  the  use  of 
turbines  in  the  place  of  blowing  engines,  recipracating  en- 
gines, for  pumping  service,  and  the  like. 

The  first  thing  of  importance  found  in  the  study  of  this 
subject  is  the  fact  that  the  relation  between  weight  and  capa- 
city of  prime  movers  is  very  unstable  tho  there  is  a  general 
tendency  to  follow  some  law.  Even  in  a  series  of  engines  of 
the  same  design  no  law  is  closely  followed.  Marine  gasoline, 
vertical  oil  engines,  and  water  turbines  increase  in  weight  per 
horse  power  with  the  capacity  of  the  unit.  All  other  types 
decrease  in  weight  per  horse  power  as  the  capacity  increases. 
Very  large  gas  engines  tend  to  increase  in  weight  per  horse 
power  again  after  the  ordinary  sizes  are  passed.  The  greatest 
variation  in  the  relation  occurs  for  all  types  among  the  smaller 
units.  The  lightest  prime  mover  is  the  steam  turbine.  The 
lieaviest  is  the  single  acting  horizontal  gas  engine.  The  latter 
type  also  uses  more  floor  space  than  any  other  type,  and  the 
horizontal  velocity  steam  turbine  uses  least. 

It  might  be  said  that  the  increased  use  of  turbines  dur- 
ing the  last  few  years  would  make  the  weight  per  horse  power 
of  the  total  number  of  prime  movers  in  use  less.  But  since 
the  gas  engine  is  the  heaviest  type,  and  its  use  is  increasing 
at  a  rapid  rate,  the  tendency  may  be  thereby  balanced  or 
even  made  to  go  the  other  way.  This  would  depend  upon  the 
relative  use  made  of  the  two  types. 

The  following  tables  give  in  round  numbers  the  range  in 
weight  per  horse  power  for  the  range  of  horse  power  repre- 
sented. 


88 


The  Techxogkai'h. 


Type  of  Prime  Mover 

Range 

of 

Horse  Power 

Range  of 
AVeight  per 
Horse  Power 

Steam  P^ngines  — 

Simple  Automatic 

10- 

lOM- 

125- 
150- 
750- 

0- 

5- 

9- 

10- 

20- 

3- 

25- 

0- 

0- 
0- 
0- 

0- 

-  1000 

-  SOO 

-  200 

-  1000 

-  2000 

7 

-  150 

-  200 

-  100 

-  60 

6 
75 

-  175 

-  300 
-18000 
-10000 

-  15 

00      , 

100—    60  lb. 

Compound  Automatic 

150—    75 

Simple  S:an(lard  Corliss 

Heavy  and  Extra  Heavy  Corliss  .... 
Locomotives 

200—  125 
150—  125 
200—  150 

Hot  Air  Engines 

17000—5000 

Gas  and  Gasoline  Engines  — 

Four  Cycle  Horizontal 

Four  Cycle  Vertical 

Marine 

110-     70 
425—  200 

60—  iia 

Automobile 

IG-     12 

Motorcycle 

25—     12 

Airship 

7—       2 

Vertical  Oil  P^ngines 

80—  110 

Steam  Turbines — 

V^elocit  V 

80  -     30' 

Curtis 

50—     25- 

Pressure  Horizontal 

110-     20' 

Water  Turbines 

5—     15 
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DISCUSSION  OF  SALIENT  PROCEEDINGS  RELATIVE 
TO  THE  ILLINOIS  SPECIAL  ASSESSMENT  LAW. 


J.  P.  Morgan.  B.  S.  in  C.  E.,  '08. 

City  Engineer,  Urbana,  Illinois. 


When  an  Engineer  or  Attorney  starts  his  first  improve- 
ment under  the  Illinois  Special  Assessment  Law,  he  is  apt  to 
underestimate  the  difficulties  in  his  way.  One  experience, 
however,  is  usually  sufficient  to  impress  upon  his  mind  the 
responsibilities  which  rest  upon  him  and  which  must  at  all 
times  be  exercised. 

If  public  works  are  to  be  constructed  in  a  satisfactory 
manner,  and  if  the  bonds  used  for  subsequent  payment  are 
to  be  acceptable  to  the  bond  examiner,  the  Engineer  and  At- 
torney must  work  in  harmony  and  at  least  one  of  them  should 
have  had'  previous  experience  in  the  handling  of  local  im- 
provements. Each  official  sliould  have  a  more  or  less  definite 
knowledge  of  the  duties  which  the  law  imposes  upon  his  col- 
league, but  it  is  a  dangerous  move  for  either  to  exceed  the 
limits  of  his  authority.  The  situation  presents  problems  and 
difficulties  which  require  the  knowledge  of  two  professions 
and  it  is  not  often  that  one  man  is  fitted  to  handle  both.  Con- 
sequently, a  division  of  the  responsibility  between  the  engi- 
neering and  legal  departments  will  tend  to  decrease  the  num- 
ber of  errors  and  save  misunderstandings  which  may  other- 
wise cause  the  labor  of  both  departments  to  be  lost.  There  is 
a  case  of  but  a  few  months  standing  in  which  the  Engineer 
took  the  Attorney's  business  into  his  own  hands,  gave  notice 
of  a  public  hearing  shorter  than  was  required  by  law,  and 
thereby  started  the  improvement  on  a  road  which  led  to  con- 
tention in  the  courts  and  ultimately  to  the  rejection  of  the 
bonds. 

Estimates  for  an  improvement  should  be  made  with  the 
thought  always  in  mind  that  they  must  not  vary  substan- 
tially from  the  actual  values.  The  larger  items  should  be 
carefully  checked  and,  so  far  as  possible,  all  cliance  of  serious 
error  removed.  It  is  astonishing  to  learn  of  a  discrepancy 
amounting  to  nearly  twenty-five  per  cent  of  the  estimated  cost 
of  a  thirty  thousand  dollar  improvement,  yet  less  than  a  vear 


1)0  Thk  Te('iix(k;uai'h. 

ago,  such  a  ease  wiis  coDtested  before  a  Toimty  ('oiirt.  It  is 
needless  to  state  that  the  promoters  were  forced  to  acknowl- 
edge their  inconsistency  and  withdraw  their  proceedings. 

Different  Attorneys  require  various  amounts  of  detail  in 
the  Engineers  estimate,  according  to  their  interpretation  of 
the  local  improvement  law.  For  instance,  some  require  a 
brick  pavement  to  be  considered  under  the  following  heads 
— 1.  Excavation,  2.  Foundation,  3.  Sand  Cushion,  4.  Brick, 
5.  Filler;  while  others  want  only  the  two  items — 1.  Exca- 
vation, 2.  Pavement.  Even  more  detail  is  sometimes  de- 
manded, as  in  the  case  of  a  certain  property  owner  along  the 
line  of  a  proposed  improvement,  who  objected  to  the  estimate 
because  items  of  labor  were  not  listed  separate  from  those 
of  materials.  Those  who  pay  for  the  improvements  are  en- 
titled to  know,  so  far  as  practicable,  for  what  each  dollar  of 
their  money  is  expended.  However,  it  is  worse  than  useless 
to  introduce  a  very  large  number  of  units  because  some  of 
the  items  are  necessarily  inexact  and  offer  loopholes  for  ar- 
gument and  attack. 

The  plans  for  a  local  improvement,  made  by  the  Engi- 
neer, approved  by  the  Board  of  Local  Improvements,  the  City 
Council  and  the  County  Court,  must  be  carried  out  substan- 
tially as  made.  This  requirement  in  the  Special  Assessment 
Law  is  of  course  necessary,  and  yet  it  is  the  cause  of  more  or 
less  confusion.  A  definite  interpretation  of  the  word  "Sub- 
stantially"' is  a  difficult  matter  and  an  Engineer  is  sometimes 
very  much  at  a  loss  to  determine  just  how  far  he  may  go  and 
yet  be  within  the  bounds  of  the  law.  The  writer  had  an  ex- 
perience of  this  kind  not  long  ago.  Along  the  line  of  an  im- 
provement, two  bridges  were  to  be  built  according  to  plans 
calling  for  rather  expensive  structures.  Because  improve- 
ments and  changes  in  the  channel  of  the  stream  were  contem- 
plated, it  became  the  opinion  of  the  Board  of  Local  Improve- 
ments that  the  position  of  the  bridges  should  be  clmnged  and 
that  the  cost  of  construction  should  be  lessened.  The  Engi- 
neer did  as  ordered  and,  as  a  consequence,  one  of  the  property 
owners  refused  to  pay  accrued  interest  on  his  assessment  and 
threatened  to  take  the  matter  to  the  courts.  It  did  not  seem 
probable  that  his  claims  would  be  u]theld  but  the  procedure 
referred  to  was  exceedingly  undesirable  and  the  affair  caused 
much  anxiety  until  a  peacable  settlement  "^'as  finally  effected. 
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It  is  occasionally  proposed  to  change  the  grade  of  a  pavement 
or  sewer  and  slight  changes  are  sometimes  advisable.  Any 
change  in  the  character  of  an  improvement,  however,  which 
would  be  noticed  upon  casual  comparison  of  the  plans  with 
the  construction,  should  be  careful!}'  considered  and  usually 
strictly  avoided.  A  very  good  method  is  to  adhere  closely  to 
the  plans  at  all  times  unless,  by  so  doing,  the  general  charac- 
ter or  appearance  of  the  work  will  be  seriously  damaged  or 
affected. 

To  Engineers  as  well  as  to  Attorneys,  a  book  written  by 
Mr.  A.  H.  Baer  for  the  National  Brick  Manufacturer's  As- 
sociation will  give  much  valuable  information  as  to  forms 
for  estimates  and  procedure.  This  book  sets  forth  clearly 
and  concisely  the  various  steps  from  start  to  finish  of  a  pub- 
lic improvement  as  based  upon  the  Special  Assessment  Law 
and  aids  materially  in  avoiding  many  fatal  errors  and  omis- 
sions. Constant  watchfulness  is  essential  througli  all  the 
stages  of  the  work,  for  as  Mr.  Baer  states,  "the  procedure  is 
one  exceedingly  vulnerable  to  successful  attack,  unless  it  is, 
in  all  respects,  essentially  correct;  and  if  successfully  as- 
sailed, as  a  general  rule,  causes  the  greatest  embarrassment 
to  the  municipality  and  the  deepest  mortification  and  humil- 
iation to  those  concerned  as  its  proponents." 
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EXPERIMENTS  ON  BUILT-UP  COLUMNS. 

Herbert  F.  Moore,  B.  S.  M.  M.  E. 
Assistant  Professor  of  Theoretical  and  Applied  Mechanics. 


During  the  past  two  years  there  has  been  carried  on  in 
tlie  Laboratory  of  Applied  Meclianics  of  the  University  of 
Illinois  a  series  of  tests  on  the  strength  of  built-up  steel  and 
Avrought-iron  columns.  The  number  of  columns  tested  has 
not  been  large  but  the  series  has  been  unusual,  in  the  careful 
investigation  of  the  intensity  of  stress  existing  in  the  various 
parts  of  the  columns  when  under  compressive  load.  During 
the  manufacture  and  erection  of  built-up  columns,  channels, 
lacing  bars,  and  other  members  become  bent  in  the  process  of 
aligning  the  column,  and  in  shipping  and  unloading  the  col- 
umns slight  local  injuries  are  sometimes  caused.  One  of  the 
objects  of  this  series  of  tests  was  to  determine  whether  in  a 
column  under  load  such  kinks  and  bends  caused  any  marked 
irregularity  of  stress  distribution- 

In  the  study  of  the  behavior  of  the  parts  of  columns  un- 
der load  extensometers  were  attached  to  varioils  parts  of  the 
<'olumn  and  the  deformations  produced  over  short  guage 
lengths  noted  for  a  load  within  the  elastic  limit  of  the  col- 
umn. The  extensometers  were  so  placed  that  the  distribution 
of  stress  over  the  section  of  flange  members  was  determined. 
Deformations  in  flange  members  and  lacing  bars  were  thus 
measured.  A  special  extensometer  was  designed  for  this 
work. 

Tests  of  columns  were  made  in  the  600,000  lb.  testing 
machine  of  the  Lab(U'atory  of  Applied  Mechanics,  and  there 
were  also  tests  made  on  compression  members  of  an  Illinois 
Central  railroad  bridge  across  the  Sangamon  river  at  White 
Heath,  Illinois.  The  columns  tested  in  the  testing  machine 
comprised  (1)  a  special  test  column  (Column  No.  1)  made 
up  of  two  built-up  channels  laced  together,  and  (2)  four 
wrought-iron  bridge  posts  from  a  Chicago,  Burlington,  and 
Quincy  railroad  bridge  which  had  been  replaced  by  a  heavier 
structure.  In  column  No.  1  the  parts  were  made  of  very  thin 
angles  and  plates  so  that  the  eflPect  of  kinks,  bends  and  other 
imperfections  of  mtuiufacture  would  be    accentuated.     The 
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wroiight-irou  columns  were  made  up  of  two  channels  laced 
together  and  were  of  ordinaiy  proportions.  The  columns 
tested  in  the  railroad  bridge  at  White  Heath  were  of  usual 
proportions  and  comprised  two  posts  made  up  of  channels 
laced  together  and  an  upper  chord  made  up  of  two  built-up 
channels  and  a  cover  plate.  Fig.  1  shows  the  cross  sections 
and  Table  1  gives  the  general  dimensions  of  the  columns. 
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Fig.  1.  — Cross  Sections  of  Columns. 

«.  Column  No.  1,2  Plates,  20' X|",  4  angles  2'X2"Xi". 

b.  Wrought  Iron  Posts,  Nos.  2,  3,  4  and  5,  2—10"  channels,  old  model. 

c.  Posts,  White  Heath  Eridge,  2—12"  channels,  old  model. 
(/.  Upper  Chord,  White  Heath  Bridge,  2  Plates  14"Xi|''. 

4  Angles  3i"X3i"Xfo",  1  Cover  Plate  21" XA",  2  Flats  4" Xf". 

In  the  tests  in  the  testing  machine  it  was  necessary  to 
move  the  extensometers  from  place  to  place,  and  to  apply  and 
remove  a  given  test  load  for  each  location  of  the  extenso- 
meters. This  necessitated  a  very  large  number  of  loadings 
of  each  column  and  a  still  larger  number  of  instrument  read- 
ings for  each  test.  After  the  stress  distribution  throughout 
the  column  had  been  investigated  by  this  method  the  column 
was  loaded  to  destruction  and  observations  were  taken  of  the 
deformation  of  tliose  parts  in  which  the  stress  distribution 
tests  had  shown  tlie  intensity  of  stress  to  be  a  maximum.  In 
the  tests  of  columns  in  the  railroad  bridge  the  load  was  ap- 
plied by  means  of  a  test  train  wliich  was  run  to  a  certain 
point  on  the  bridge  and  then  run  off  again.  The  deforma- 
tion of  i^arts  of  the  bridge  columns  was  measured  by  extenso- 
meters. In  the  bridge  tests  as  well  as  in  the  laboratory  tests 
it  was  necessary  to  move  the  extensometers  from  ])lace  to 
place.  In  all  tests  the  deformations  at  any  place  were 
checked  by  taking  several  measurements. 

The  results  of  the  tests  of  stress  distribution  show  tliat 
in  the  case  of  a  column  built  up  of  thin  pieces — sueli  as  Col- 


5)4 


The  Techn'(»(;uai'ii. 


nORTH       CH/^MMEL 

Center 
Outer         of       Inner 
Fiber     Gravity  Fiber 


•  \ 

1 
1 

1 

I 
1 

/ 

1 

■ 

' 

1 
1 

/ 

\ 

1 

1 

il 

1 

n 
\ 

1 

/ 

\ 

1 
1 

1 

1 

1 
1 

f 

/ 
/ 

1 
1 

1 

1 

1 
1 

1 

A 

1 

1 
1 

1 

[  1 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

^^ 

/i 

1 

/ 

/ 

/ 

^'4 

li 
h 

1 
il 

/ 

/ 

/ 

/ 

stress    in    Pounds 


noRTH     c /-/Ann EL 

Center 
Outer         of       inner 
Fiber     Gravity  Fiber 


SOUTH      CH/7iyiyEL 

Center 
Inner         of         Outer 
Fiber      Gravity   Fiber 


1 

1 
1 

\ 

\ 

1 
1 

\\ 

h     L 

\ 

1 

\ 

.Qi 

\ 

I 

\ 

<: 

; 

) 

) 
1 

'O 

/ 

\ 

h^ 

} 

^ 

/ 

/ 

/ 

/ 

/  1 

// 

^ 

\ 

\ 

\,  1 

\ 

^ 

\ 

\ 

\ 

^ 

■I 

I 

< 

^ 

h 

1 

1 

u 

^ 

\ 

Y 

1 

1 
1 

/\ 

OOoOOgO^O 


6  0  o  O 
o  o  O  0 
Qd    O   c\j    QD 


0  O  0  5  ^ 
O  Ci  Q  C>  ^ 
O    CVj    c(\   C>    c\j 


per    Square    Inct? 

SOUTH      CHAi^NEL 

■  Center 
inner        of        Outer 
Fiber     Gravity  Fiber 


Fig.  2  —Stress  Distribution  in  Column  No.  5  undkr  an  Average  Compressive 
Stress  of  10,000  Lb.  per  Sq.  In. 
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umn  No.  1. — imperfections  due  to  processes  of  inaDufactiire 
and  erection  may  produce  a  greater  variation  in  distribution 
of  stress  across  a  section  than  is  produced  bv  the  bending 
action  of  the  column  as  a  whole.  In  the  stock}'  wrought-iron 
columns  tested  in  the  testing  nuichine  and  in  the  posts  of  the 
bridge,  the  effect  of  imperfections  of  fabrication  was  apparent 
to  a  somewhat  less  degree,  but  the  effect  of  end  conditions 
was  notable  as  was  shown  by  a  gradual  change  of  maximum 
stress  from  one  corner  at  the  top  of  the  column  to  another 
corner  at  the  bottom.  In  the  upper  chord  of  the  bridge, 
which  was  made  up  of  two  built-up  channels  and  one  cover 
plate,  the  stress  distribution  was  more  nearly  even  than  in 
any  other  column  tested.  Fig.  2  shows  a  stress  distribution 
diagram  for  Column  No.  5  under  an  average  compressive 
stress  of  10,000  lb.  per  sq.  in.  of  cross  sectional  area,  and 
Table  2  shows  the  greatest  proportional  stresses  observed  in 
any  parts  of  tlie  columns  investigated.  Attention  is  called 
to  the  irregularity  of  stress  distribution  as  shown  by  Fig.  2, 
and  to  the  large  excess  of  maximum  over  average  stress  as 
shown  in  tlie  tabulated  results.  In  this  connection  it  should 
be  noted  that  the  slenderness  ratio  1/r  of  all  columns  tested 
was  comparatively  low. 

From  the  results  of  the  above  tests  and  of  otlier  tests,  no- 
tsihlj  tliose  of  Professor  Lilly  of  Dublin,  it  would  seem  that 
the  column  formulae  in  common  use  are  imperfect  in  that 
they  place  so  mucli  stress  on  the  length  of  column  and  in  tliat 
they  contain  no  term  dependent  on  the  thinness  of  component 
parts.  In  this  connection  it  may  be  noted  that  wliile  a  small 
kink  in  the  channel  member  of  a  column  may  seem  to  liave 
but  little  effect  on  the  column  as  a  wliole,  it  may  greatly  in- 
crease the  local  stress  in  that  channel  member.  It  can  be 
shown  that  a  kink  of  less  than  Vio  i^^c-h  in  the  channels  of 
Column  No.  1  between  adjacent  lacing  bars  might  cause  a 
bending  moment  which  Avould  increase  tlie  extreme  fiber 
stress  in  the  channel  50  percent.  It  should  also  be  noted  that 
the  column  formulae  in  common  use  all  depend  on  the  as- 
sumption that  the  whole  column  acts  as  a  unit,  i.  e.  the  entire 
cross  section  of  a  column  preserves  its  integrity  under  stress; 
in  the  light  of  the  above  tests  the  truth  of  this  assumption 
seems  somewliat  questionable. 

The  tests  to  failure  showed  strikino-  differences  between 
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tlic  lM'li;i\i(>i' of  ('oluiiin  No.    1    with    its    lliin    iiarts   nud    the 
Avi'oiii-ht-ii-oii   cohiiiiiis  with    thcif  stockier  section.     Coliiiiin 
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Failure  of  Column  No.  1 
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:N'o.  1  was  at  first  lilted  with  very  li.uht  lacin^u'  bars,  and  in  one 
test  the  load  was  applied  with  a  sliuht  obliipiity.     lender  an 
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average  compressive  stress  of  about  8000  lb.  per  s(i.  iu.  of 
cross  section  tlie  cohiiiiii  failed  siuldeiily  by  the  buckling  of 
several  lacing  bars  in  the  upper  lialf  of  the  column.  Failure 
by  buckling  of  lacing  bars  is  a  very  unusual  method  of  fail- 
ure of  columns,  and  this  test  is  therefore  of  unusual  interest. 
The  testing  machine  was  stopped  before  any  serious  damage 
was  done  to  the  channel  members,  the  light  lacing  was  re- 
moved, and  heavier  lacing  riveted  in  its  place.  The  column 
was  then  tested  again  for  stress  distribtition  and  finally 
loaded  to  failure  with  a  central  axial  load.  Failure  occurred 
at  an  average  compressive  stress  of  about  23,500  lb.  per  sq.  in. 
of  cross  section  by  the  sudden  "wrinkling"  of  one  flange  be- 
tween adjacent  lacing  bars  at  a  point  one  third  of  tlie  length 
of  the  column  from  the  top.  At  this  point  of  failure  previous 
stress  distribution  tests  had  shown  the  greatest  stress  ob- 
served in  the  column.  Fig.  3  shows  the  faihire.  The 
wrought  iron  columns  all  failed  by  a  faihire  of  end  details  or 
by  a  gradual  bowing  of  the  columns  as  a  whole.  The  failure 
in  general  took  place  where  the  i)revious  stress  distribution 
tests  had  shown  a  high  stress,  though  not  necessarily  where 
maximum  stress  had  been  found.  The  gradual  failure  of  the 
stocky  wrought-iron  columns  was  in  sharp  contrast  with  the 
sudden  failure  of  the  flimsy  steel  column  (No.  1),  and  the 
general  beliavior  of  the  wrought-iron  columns  seems  to  show 
that  in  a  column  built  up  of  thick  pieces  there  is  a  consider- 
able tendency  to  equalize  stress  distribution  before  final  fail- 
ure occurs.    Table  3  gives  the  results  of  tests  to  failure. 

The  function  of  the  lacing  bars  in  a  built-up  column  is  to 
hold  the  flange  members  togetlier  and  to  make  the  column 
act  as  a  unit.  Even  if  they  perform  this  duty  onh'  imperfect- 
ly they  will  be  under  stress  if  any  bending  tendency  exists  in 
the  column,  and  the  stress  on  any  bar  may  1)e  either  tension 
or  compression.  Evidently  a  lacing  bar  would  be  weaker  in 
compression  than  in  tension.  A  series  of  tests  on  tlie  strength 
of  lacing  bars  in  compression  was  carried  on  in  connection 
with  the  tests  on  columns.  The  test  lacing  bars  were  fas- 
tened to  special  compression  blocks  in  a  testing  machine  by 
means  of  bolts  in  such  a  way  that  they  received  their  load  in 
a  manner  similar  to  tliat  of  lacing  bars  riveted  to  the  cliannel 
members  of  a  column.  The  test  l)ars  acted  as  long  columns 
eccentrically  loaded  and  failed  under  light  compressive  loads. 
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Fiii.  4  sliows  till'  I'csulls  of  tefsts  to  failure.  Lcn^tli  of  bar  is 
iiieasiired  from  center  to  ceuter  of  rivet  holes.  Jt  wcnild  seem 
that  in  a  eohiiim  tiat  lacing  bars  in  compression  are  capable 
of  carrying  at  failure  an  average  stress  equal  in  no  case  to  as 
much  as  half  the  yield  point  strength  of  the  material  of  which 
they  are  luade.  The  loads  (•arrie<I  by  lacing  l)ars  in  actual 
coluums  is  small,  but  the  ability  of  the  bars  to  carry  load  is 
also  small.  liars  of  channel  or  angle  section  seem  to  be 
strouiicr  than  flat  bars. 
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Fig  4 
Results  of  Compkession  Tests  of  Lacing  Bars. 

In  the  columns  tested  in  the  testing  machine  an  attempt 
was  made  to  find  some  relation  between  the  compressive  load 
on  the  column  and  the  load  on  the  lacing  bars.  As  might  be 
exi)ected  from  the  very  uneven  distribution  of  longitudinal 
stress  throughout  the  column,  the  stress  in  different  bars  dif- 
fered greatly.  Table  4  gives  the  maximum  stresses  found  in 
the  lacing  in  terms  of  the  compressive  load  on  the  column. 
It  will  be  seen  that  stresses  in  the  lacing  of  some  of  the  col- 
ulmns  were  as  great  as  would  be  caused  bv  a  sidewise  shear 
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of  2.5  or  3  percent  of  the  compressive  load,  or  to  put  it  in 
another  way,  there  Avere  observed  stresses  in  lacing  bars  as 
great  as  would  be  caused  by  a  sidewise  load  at  the  center  of 
the  column  equal  to  5  or  6  percent  of  the  compressive  load  on 
the  column. 
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WIIATS    WHAT   IX  AK('111TE( TTKE. 


Leon  F.  T'^urain,  Arch.  *10. 


It  is  true  that  some  form  of  architecture  has  always  ex- 
isted— "Architecture  is  the  printing  press  (►f  all  ages  and 
gives  a  history  of  the  state  of  society  in  which  it  was  born.'' 
l*rehistoric  man  t(Mjk  a  great  pride  in  shaping  liis  ''cave'' 
home,  and  building  his  branch  siielter,  imitating  the  lairs  of 
beasts  and  the  nests  of  birds. 

With  the  flight  of  time,  prehistoric  architecture  became 
a  tradition,  and  we  find  our  first  semblance  of  the  column, 
and  the  lintel  in  Egypt,  abotit  the  year  4700  B.  C.  Here  we 
find  tombs  enriched  with  carvings  and  color,  the  pyramids 
and  obelisks,  a  wonderful  variety  of  scttlpture  and  ornament, 
a  real  beginning  of  true  architecture. 

Crossing  to  Assyria  we  note  the  Egyptian  influence  in 
the  Babylonian  temples,  and  going  farther  into  Persia,  we  see 
the  new  infltieiice  in  the  architecture  of  its  royal  palaces,  all 
finally  ctilminatiug  in  the  graceful  and  lasting  Grecian  mod- 
els. Here  the  foundation  for  all  future  progression  was  laid 
firmly  and  broadly,  so  that  a  Avonderful  variety  of  styles  has 
sprung  up  and  flourished,  during  the  succeeding  centuries, 
from  this  base. 

The  Komans  took  a  modified  Greek,  mingled  with  it  some 
Etrusian,  added  the  arch,  the  dome,  introduced  the  superim- 
l)osed  orders,  and  a  profusion  of  ornament,  finally  giving  tis 
the  Roman  Classic,  which  applied  itself  readily  to  a  very  wide 
range  of  buildings  for  a  wide  range  of  uses. 

^Meanwhile,  Byzans  was  at  work.  Its  new  ideas;  its  new 
ca]»itals,  and  shafts,  its  low,  bold  relief,  and  mosaics  were 
brouglit  to  Home,  and  Italy  and  a  mingling  became  apparent 
in  the  new  style  which  we  call  Komanesciue. 

New  factors  were  ever  arising  in  tliese  centtiries  of  en- 
ergy and  change.  Variety  was  at  a  premium.  Tlie  dawn  of 
a  new  architecture,  different  from  any  that  had  ever  been 
seen,  was  at  hand,  and  emerged  spoutaneotisly  in  France, 
early  in  the  twelfth  century. 

''Graceful,  grotesque,  with  ever  new  surprises 
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of  hazardous  caprice  sure  to  please, 
Heavy  as  nightmare,  airy,  light  as  fern. 
Imaginations  very  self  in  stone." 

But  even  these  lofty  naves  and  transepts,  these  ''shell  like 
spires"  and  towers  of  Gothic  architecture,  these  buttresses 
and  pinacles  and  beautiful  tracery  windows,  these  rose-like 
perfections  in  stone  were  to  hold  the  stage  for  only  a  few  cen- 
turies, only  until  that  a  cry  of  progress  and  variation  would 
again  call  the  architects  to  renewed  attention. 

Materials  are  signals  of  attention,  which  may  be  either 
commendation  or  warning.  The  good  tliat  architectural  ele- 
ments possess,  lives  long  after  their  creators  have  been  forgot- 
ten and  good  inevitably  claims  revival.  Thus  the  Renaissance 
claims  a  revival  of  the  classic  adopted  to  its  new  condition. 
We  find  new  proportions  and  details  of  course,  but  the  best 
renaissance  retains  the  smile  of  Greecian  and  Roman  classi- 
cal styles. 

The  Renaissance  may  properly  be  called,  a  renaissance 
of  light  and  shade,  succeeding  the  Gothic  which  was  more 
"pure  form." 

The  Italian  villas,  with  their  beautiful  gardens,  foun- 
tains and  terraces,  now  began  to  introduce  a  touch  of  real 
life,  with  its  ease  and  pleasure. 

"A  fuller  light  illumined  all 
A  breeze  then  all  the  garden  swept." 
The  architect  now  assumed  a  personality  and  a  promi- 
nence never  before  awarded  to  him.  He  became  a  recognized 
potent  factor  in  the  wheel  of  progress,  filling  a  position,  indis- 
pensible  to  the  demands  of  increased  commercialism  and 
competition. 

Architecture  is  not  merely  European,  as  we  have  viewed 
it  up  to  this  time,  but  cosmopolitan, — We  have  said  nothing 
of  the  Oriental  style : — 

''See  what  a  love  shell, 
Small  and  pure  as  a  pearl. 
Frail,  but  a  work  divine. 
Made  so  fairly  well, 
With  delicate  spire  and  wall. 
How  exquisitely-  minute 
A  miracle  of  design." 
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Eaeli  of  these  great  styles  had  its  ])ei-i()cl,  and  each  period 
its  types,  which  were  fitted  to  the  country  fostering  them. 

So  much  lias  been  accomplished  iu  these  past  centuries; 
such  a  high  standard  has  been  set,  and  such  a  profusion  of 
ideas  and  details,  in  every  phase  of  architecture  has  ^'worked 
out"  that  we  often  hear  the  statement — ''There  is  nothing  new 
in  architectural  fundamentals.  All  that  remains  in  original- 
ity, is  simply  new  combinations." 

To  a  beginner  this  seems  on  the  one  hand  inspiring,  be- 
cause of  the  wide  field  that  he  is  at  liberty  to  choose  from,  on 
the  other,  daunting,  because  of  the  apparent  difficulty  in 
equaling  the  magnificent  examples  already  erected;  and  be- 
cause of  the  fact  that  most  ambition  desires  to  do  something 
original,  which  older  minds  declare  next  to  impossible  in 
architecture.  Be  that  as  it  may,  to  the  writer,  architecture  is 
yet  a  new  field,  despite  its  years,  and  still  brim  full  of  new 
ideas,  despite  the  fact  that  it  has  been  drawn  upon,  since  the 
beginning  of  man. 

The  training  of  the  architect  is  a  very  important  subject. 
Men  Avere  trained  in  those  years  of  monuments  by  the  long, 
hard  road  of  experience.  They  had  no  books  but  studied  in 
the  shop,  as  it  were,  where  the  real  achitecture  was  made  in 
form,  instead  of  in  words. 

While  we  look  back  and  survey  the  architecture  of  these 
men,  for  the  last  6000  years,  and  judge  it  marvelous,  who  will 
venture  to  say  how  marvelous,  how  many  times  more  splen- 
did and  igenious,  we  would  judge  the  architecture  of  the  next 
6000  years,  if  the  future  was  as  open  as  the  past. 

While  we  are  not  especially  interested  in  5000  A.  D.  we 
must  build  to  suit  the  present.  To  design  and  build  satisfac- 
torily we  must  be  prepared  and  to  be  prepared  we  must  have 
those  inherent  prerequisites  and  the  best  instruction  obtain- 
able. 

The  Architectural  centre  of  the  world  became  concen- 
trated in  France  in  the  time  of  Louis  XIV.  At  that  time  a 
school  was  founded  that  became  tlie  centre  of  architectural 
instruction  and  influence.  By  years  of  study,  a  method  of 
teaching  this  profession  was  ]ierfected  that  has  bowed  to  no 
system  so  far  produced.  Today  L'ecole  dc  l>caux  Arts  is  still 
the  most  influential  architectural  centre  that  we  have,  and 
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eveiy  year  many  students  avail  themselves  of  the  opportunity 
of  studying  here. 

Some  schools  in  the  United  States  have  adopted  this  sys- 
tem of  instruction,  to  a  great  extent.  Optimists  say,  that  the 
time  is  not  far  distant  when  the  American  school  will  equal 
L'ecole  de  Beaux  Arts  in  efficient  instruction  and  surpass  it 
for  American  needs.  Some  claim  that  distinction  now,  but 
conservatism  tends  to  refute. 

There  are  now  three  distinct  methods  of  teaching  archi- 
tecture in  America. 

1.  The  draughting  room  and  Atelier   (The  office). 

2.  The  method  of  the  Western    and    Middle    Western 

schools. 

3.  The  Beaux  Art-Method. 

For  a  long  time  the  draughting  room,  and  tlie  appren- 
ticeship system  was  the  only  one  available.  The  students 
learned  from  one  master,  getting  all  his  methods  and  secrets. 
He  was  a  capable  man  when  he  got  through  and  could  design 
architecture  provided  his  master  was  a  good  architect.  But 
he  had  one  style  and  one  way  of  doing  everything  except  the 
little  initiative  which  might  remain  after  such  a  grind.  Again 
he  knew  very  little  of  other  arts  and  sciences  and  architecture 
became  a  trade  for  a  trade's  sake. 

Secondly,  most  of  the  Western  schools  have  what  we 
term  a  four  year  course.  A  student  enters  as  a  freshman, 
upon  a  course  of  study,  prescribed  in  detail,  as  to  subject, 
quantity,  time  and  year.  The  quality  in  such  a  course,  is 
maintained  by  the  minimum  mark  of  70%,  all  students  falling 
beloAv  tliis  mark,  being  required  to  take  the  subject  over  again, 
A  poor  student,  falling  below  the  mark,  is  further  loaded  with 
this  "hack-ivork"  and  this  has  often  sufficed  to  quench  what 
enthusiasm  and  ambition  there  was  remaining.  Tlie  passing- 
mark  of  70%  is  too  often  the  onh^  requirement  whicli  must 
be  met,  and  it  is  a  deadening  influence.  It  brings  duwn  the 
average  of  the  work  to  this  dividing  line  and  contains  no  ele- 
ment which  would  foster  better  work.  (Contrast  th'is,  with 
t].e  system  described  in  the  third  method). 

Where  ever  possible,  more  than  one  man  should  be  em- 
ployed to  teach  design.  Where  such  is  not  the  case  th(^  stu- 
dent will  necessarily  be    "subject    to    tlie    domination    and 
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tastes"  of  one  iii;ni.  This  is  the  same  diflQculty  tliat  we  no- 
ticed in  the  apprenliccship  metliod  and  while  not  so  jihirin.ii, 
it  is  never-the-h'ss  in  existence  and  in  operation. 

Thirdly. — The  Beaux  Art  system.  Here  the  course  is 
no  longer  held  within  the  boundary  lines  of  four  years,  but 
each  student  is  placed  upon  his  merits.  There  is  no  passing 
mark  of  70%.  The  gi-aduation  reciuiremeuts  are  stated  in 
points,  which  are  proportional  somewhat  to  the  number  of 
hours  required  by  the  course — each  student  takes  what  he 
can,  regarding  the  prerequisites  of  course,  and  advances  as 
fast  as  he  can.  A  well  prepared  student  can  finish  the  course 
in  three  years  while  another  will  take  five  years. 

The  Atelier  is  joined  directly  to  the  course,  being  under 
the  direction  of  practicing  architects  in  conjunction  with  the 
professors,  who  act  as  a  jury  to  judge  all  designs.  The  jury, 
Avh<>se  personnel  changes,  awards  three  grades,  "passes/* 
"mentions"  and  ''special  mentions"  counting  each  f(»r  a  spe- 
cial number  of  "points."  Promotion  from  grade  to  grade  de- 
pends on  the  number  of  ])oints.  This  puts  the  premium  on 
quality  rather  than  (luantity.  Three  (3  I  mentions  count  as 
four  (4)  passes  and  three  (3)  special  mentions  as  five  (5) 
j)asses.  There  is  no  back  work  in  this  system.  If  a  student 
fails  to  make  the  lowest  mark,  "])ass,"  he  is  stimulated  to  do 
better  work  on  the  next  problem  and  get  "special  mention" 
so  as  to  make  up  the  last  point.  Each  student  advances  as 
fast  as  his  talents  and  andntions  ])ermit.  This  system  in- 
duces a  \ww  freedom,  a  good  will  and  an  incentive  to  do  good 
work. 

Furthermore,  having  men  who  are  doing  real  arcliitec- 
ture  associated  with  the  Atelier  in  this  way,  inspires  confi- 
dence in  the  students,  and  enables  them  to  keep  u])  with  all 
modern  ways  and  changes  of  design  and  building. 

In  general,  a  system  of  instruction  should  at  all  times 
give  as  many  electives  as  ])ossible.  At  all  times  the  smaller 
university  community  and  the  smaller  field  of  knowledge 
promoted  unity  and  fixed  the  standard  of  the  university.  r>ut 
in  recent  years  there  has  been  such  a  <liversity  in  the  two 
lines,  that  unity  is  no  longer  absolutely  possible.  The  va- 
rious fields  have  been  subdivided  because  of  the  increased 
knowledge  and  the  dawn  of  sjK'cialists  has  arrived,  conse- 
quently electives  are  necessary. 
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At  the  same  time  the  fact  must  always  remain,  tluit,  a 
Tiiiiversity  is  not  supposed  to  turn  o^it  men  who  can  superin- 
tend a  building-  as  well  as  the  man  of  experience  and  ability, 
nor  is  it  supposed  to  turn  out  inefficient  specialists,  but  men 
who  are  well  rounded,  who  have  l)uilt  a  foundation  upon 
which  experience  is  to  build,  in  its  turn,  with  safety.  The 
university  must  give  to  a  student,  first  of  all,  a  scholarly  atti- 
tude of  mind. 
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A  M:\V  CIIAKACTEKJSTK'  E(2rATl()N  OF  SrPEU- 
HEATED  STEAM. 


P.  F.  PoiT.  ^I.  E.,  '11. 


]Maiiy  different  ecjiiatioiis  have  been  proposed  to  represent 
tlie  properties  of  superheated  steam.  The  rational  equation 
proposed  bv  Van  der  AVaals  on  the  basis  of  the  kinetic  theory 
of  gases  lias  tlie  general  form 

BT       0 
^     V_b     V^'  (1) 

The  modified  form  of  this  equation  as  given  bv  Clansins  is 

BT         f(t)     .'^ 
P     V_b     (V+c)-^  (2) 

>\'hile  these  equations  give  good  results  for  some  fluids  they 
cannot  be  made  to  hold  accurately  for  superheated  steam. 
Zeuner's  empirical  equation 

pY  =  B  T  —  Cp'i  (3) 

has  been  much  used,  but  as  has  been  shown  by  Linde,  has  a 
form  fundamentally  incorrect.  From  certain  assumptions 
Callender  has  deduced  the  equation 

,.     ,      BT    ^    /273\3.5 

which  represents  the  experimental  results  of  Knoblauch, 
Linde  and  Klebe  with  fair  accuracy  up  to  160°  C.  At  higlier 
temperatures  the  volumes  given  by  formula  (4)  are  somewhat 
larger  than  those  determined  by  experiment. 

A  characteristic  equation  ])ro])()sed  by  Linde  and  gener- 
ally accepted  as  representing  most  accurately  the  properties 
of  superheated  steam  as  determined  at  the  3Iunich  Laboratory 
lias  the  fcu'm 


pV  =  BT-p(l+ap) 


^■(f^)"-^  (5) 


AYitli  pressures  in  kilograms  }ter  sipiare  meter  the  constants^ 
have  the  following  values 

a  =  0.000  002  C  =  0.031  n  =  3 

B  =  47.10  D  =  0.0052 
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In  the  discussion  of  this  equation  Linde  calls  attention  to  the 
factor. 

C(f?)"-D 

which  changes  sign  at  a  temperature  of  about  402° C.  At 
higher  temperatures  the  mixture  becomes  a  more  than  perfect 
gas  ("ubervollkommenes"  Gas)*  a  condition  not  in  accord 
with  physical  facts.  Linde  suggests  that  this  difficulty  may  be 
overcome  by  giving  the  exponent  n  a  fractional  value     . 

A  recent  investigation  by  Prof.  G.  A.  Goodeuough  shows 
that  a  modified  form  of  Linde's  equation  represents  equally 
well  the  experiments  of  Knoblauch,  Linde,  and  Klebe.  This 
new  characteristic  equation  has  the  form 

V=--(L+ap)-  (6^ 

It  will  be  seen  that  the  constant  D  of  Linde's  equation  does 
not  appear  in  this  equation.  It  was  found  that  by  taking 
u  =  3.5  the  constant  D  could  be  dropped  without  effecting  the 
accuracy.  The  resulting  equation  has  therefore  a  simpler 
form,  which  is  of  decided  advantage  in  further  analytic  inves- 
tigations, and  furthermore  it  lends  itself  more  readily  to  lo- 
garithmic computation  notwithstanding  the  fractional  value 
of  n.  Slight  changes  were  made  also  in  constants  a  and  B 
for  reasons  connected  with  another  investigation.  The  values 
finally  adopted  are : 

B  =  47.06  a  =  0.000  001 

log  m=    7.41320  n  =  3.5 

For  English  units  with  pressure  in  pounds  per  square  inch 
the  following  are  the  constants : 

a  =  0.0007  n  =  3.5 

B  =  0.5956  log  m  =  9.50308 

The  values  of  V  given  by  the  modified  equation  ( 6 )  agi'ee  very 
well  with  those  given  by  the  Linde  formula  taken  directly 
from  the  recent  tables  of  Marks  and  Davis,  and  furthermore 
these  values  represent  the  experimental  results  of  Knoblauch, 
Linde  and  Klebe  at  least  as  well  as  the  values  obtained  from 
formula  (5).  Table  I  shows  a  comparison  of  values  of  V  in 
the  superheated  region  as  computed  from  the  two  formulae. 
An  inspection  of  the  results  shows  that  the  specific  volumes 
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calculated  by  the  moditied  formula  a<>Tee  well  iiudei-  all  con- 
ditions with  those  of  ]Marks  and  Davis.  Cohunns  2  and  3  of 
Table  I  give  the  values  of  V  at  the  saturation  limit.  The  val- 
ues in  column  3  are  those  oiyen  bv  Marks  and  Davis  as  calcu- 

d  p 


lated  from  th^  latent  heat  r  and  derivative 


d  t 


The  following  table  gives  values  of  V  at  saturation  calcu- 
lated from  (0),  the  experimental  results  of  Knoblaucli,  Linde, 
and  Klebe  the  values  computed  from  (5)  and  tinally  those 
calculated  by  Henning. 

TABLE  II 

Specific  Volumes  V  at  Saturation 


Degrees  C. 
t 

By 
Formula 

(6) 

Experimt-nls 
at  Munich 
Laboratory 

By 
Formula 

l5] 

Calculated 
by 

Henning 

100 

1.673 

1.674 

1.674 

1.673 

120 

0.8913 

0.8922 

0.8915 

0.8912 

140 

0.5081 

0.5091 

0.5083 

0.5078 

160 

0.3069 

0.3073 

0.3070 

0.3071 

ISO 

0.1944 

0.1943 

0.1943 

0.1947 

Henning*  made  his  calculations  on  the  l)asis  of  his  re- 
cently determined  values  of  the  latent  heat  and  Holburn  and 

Henning's  ver}^  accurate  values  of  -pY'    The  remarkably  close 

agreement  of  the  values  calculated  by  Henning  and  those  de- 
termined directly  by  Knoblauch,  Linde,  and  Klebe  is  convinc- 
ing evidence  of  the  extreme  accuracy  of  both  sets  of  experi- 
ments. The  values  obtained  by  ( t; )  give  slightly  lu^tter  results 
than  Liude's  formula  and  agree  almost  exactly  with  Henning's 
values.  Therefore  equation  (6)  represents  with  sufficient  ac- 
curacy the  values  of  V  at  the  saturation  limit. 

A  very  convenient  method  for  comparing  tiie  calculated 
values  of.  V  with  the  experimental  results  is  that  used  by 
Linde  and  shown  in  Fig.  1.    For  a  given  temperature  tlie  ])rod 


*F.  Henning.  Annalen  der  Physik  Bd  29,  p.  464. 


114 


TlIK    TECIIXOOKAI'H. 


nets  (p  V)  are  plotted  as  ordiuates  and  i)i'essiires  (p)  in  kilo- 
grams per  square  meter  as  abscissae.  Inspectou  of  (6)  shows 
that  witli  T  constant,  the  curve  giving  the  rehition  between 
1)V  and  ])  is  a  i>arabola.  Similarly  for  Linde's  equation  (5). 
Calleuder's  equation,  however,  gives  the  isothermals  as 
straight  lines.  The  points  of  Fig.  1  represent  the  experiments 
of  Knoblauch,  Liude,  and  Klebe,  and  close  inspection  shows 
that  they  lie  not  on  straight  lines  but  on  very  flat  curves-  The 
curves  of  Fig.  1  are  the  isothermals  calculated  from  (6)  cor- 
responding to  the  experiments  just  cited.  The  agreement  be- 
tween the  curves  and  the  experimental  points  is  satisfactory, 
and  the  new  formula  may  therefore  be  considered  as  capable 
of  giving  as  accurate  results  as  the  Linde  formula.  Its  ad- 
vantage over  the  Liude  formula  lies  in  the  greater  ease  of 
computation,  due  to  the  elimination  of  the  constant  D. 
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THE  NEW  UNIVERSITY  POWER  PLANT. 


James  M.  White,  B.  S. 
Supervising  Architect. 


The  writer  has  in  his  files  an  autographic  report  made  to 
the  Board  of  Trustees,  under  date  of  September  11,  1893,  by 
Professor  L.  P.  Breclvcnridge,  recommending  the  improve- 
ments he  considered  necessary  to  furnish  the  University  with 
adequate  lieat,  light  and  power  facilities.  At  that  time  (ac- 
cording to  the  rei^ort)  there  was  a  total  of  46,000  square  feet 
of  heating  surface  in  our  buildings ;  and  no  tunnels  had  been 
constructed. 

In  accordance  with  his  recommendations,  the  present 
power  house  was  designed  and  erected,  and  a  system  of  tun- 
nels constructed,  leading  to  all  of  the  buildings  then  existing; 
wliich  establislied  a  policy  that  has  been  consistently  followed 
up  to  the  present  time. 

We  have  now  the  equivalent  of  200,000  feet  of  direct 
radiating  surface  in  our  buildings;  and  the  demand  for  power 
and  light  has  increased  proportionately.  The  equipment  of 
the  boiler  house  has  been  increased  to  1800  H.  P.  of  water- 
tube  boilers,  in  units  of  225  and  250  H.  P. ;  and,  though  the 
chimney  capacity  does  not  exceed  1(>00  H.  P.,  all  of  the  build- 
ings have  been  successfully  heated  during  the  past  winter, 
but  the  equipment  was  forced  to  the  limit  and  there  is  no  floor 
space  for  additional  boilers,  and  insuflflcient  height  for  larger 
units. 

As  there  seemed  to  be  no  question  about  the  advisability 
of  our  changing  our  policy  in  regard  to  size  of  boilers  and 
adopting  500  H.  P.  units  for  our  future  extensions ;  and,  as  a 
proper  setting  of  these  units  in  order  to  provide  adequate  coal 
and  ash  liandling  machinery  would  require  a  basement,  it  was 
impracticable  to  make  the  new  boiler  house  an  extension  of 
the  old  one,  so  it  was  decided  to  construct  an  entirely  new 
building,  extending  at  right  angles  to  the  present  one  and  par-, 
alleling  the  Interurban  track,  over  which  practically  all  of 
our  coal  is  now  received. 

The  plan  and  section  of  tlie  new  building  need  but  little 
explanation :     The  chimney  is  to  be  10  feet  in  diameter  at  the 
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to])  and  17")  feet  liiii,Ii  above  tlic  l)oil('i'  room  tioor,  wliicli  liives 
it  a  ratinji"  of  about  :i7){){)  H.  P.,  altbou,nh  it  is  intended  to  car- 
ry only  two  batteries  of  lO(K)  11.  P.  eaeli.  Tlie  usual  rating 
of  eliiuiueys  is  ou  the  basis  of  a  good  grade  of  fuel  and  the  in- 
creased capacity  is  provided  to  allow  for  running  both  bat- 
teries to  at  least  50%  overload,  with  the  IV/'  screenings 
whicli  we  use.  The  chimney  will  be  built  by  the  Alphons 
Custodis  Chimney  Construction  Co.  of  Chicago. 

Jit57r),000.00  Avill  be  spent  u])on  the  1)uilding  and  ecjuip- 
meut,  but  this  will  not  permit  the  installation  at  this  time  of 
the  coal   and  ash    handling  machinery.     The   boilers   which 
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liave  been  contracted  for  are  IJabcock  and  Wilcox  500  H.  P. 
boilers,  with  cast  iron  headers,  and  they  will  be  s(4  with  the 
Green  Engineering  Company's  cliain  grates. 

The  coal  will  be  unloaded  from  the  cars  into  a  hopper, 
from  which  it  will  be  taken  by  a  ])an  conveyer  to  the  bucket 
conveyer;  and  a  crusher  will  be  installed  for  use  when  neces- 
sary. The  bucket  conveyer  will  also  handle  the  ashes  and  the 
tine  coal  dri])])ings.  ITo])per-bottom,  cylindrical  steel  bunk- 
ers have  been  a(loi)ted,  because  there  is  so  much  danger  from 
spontaneous  combustion  with  the  low  grade  of  fuel  used,  that 
it  Avas  felt  essential  to  have  tlie  i»unkers  so  constructed  that 
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the  coal  would  be  constantly  moving.  The  ash  bunker  will  be 
situated  in  front  of  the  chimney.  It  will  i^robably  be  neces- 
sary to  provide  a  cross  conveyor  for  emptying  the  ash  bin,  but 
the  best  type  for  this  purpose  has  not  been  decided  upon. 

The  plan  shows  that  the  boiler  house  can  be  extended  to 
the  west,  where  there  is  ample  room  for  all  the  extension  that 
will  be  necessary  to  provide  heat  and  power  for  the  University 
for  at  least  twenty-five  years,  b}^  which  time  some  other  loca- 
tion may  be  more  desirable  and  boiler  house  practice  will 
have  made  further  advances,  with  which  we  must  keep  pace. 


CEOS&        SECTION    ON  UNE  AJ^  UOOKINCi    EAST 
NEW     POWEB     HOUSE  UNIVEE5ITY     OF    ILUNOI5 


In  addition  to  being  mecliauically  efficient,  it  is  important  to 
liave  our  equipment  thoroughly  up  to  date  so  that  it  will  be 
a  creditable  laboratory  for  our  engineering  students.  This 
last  consideration  justifies  us  in  installing  coal  and  asli 
liaudling  equipment  which  would  not  be  justifiable  in  so  small 
a  plant  on  the  score  of  economy  in  operation. 

The  chief  service  required  of  the  power  house  is  that  of 
heating,  for  the  lighting  and  power  load  is  not  likely  to  be 
more  than  a  quarter  of  the  lieating  load.     Tlie  present  engine 
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room  equipment  consists  of  a  120,  and  a  75  KW,  440  volt,  2 
phase,  GO  cycle  generator,  an  85  K^V,  220  volt,  3  wire,  direct 
current  generator,  and  a  25  light  arc  machine.  This  equip- 
ment has  been  very  much  overloaded  to  give  us  the  inadequate 
lighting  and  power  service,  with  wliich  we  have  been  forced 
to  get  along.  Some  relief  has  been  secured  through  the 
equipment  of  the  electrical  engineering  laboratory,  but  the 
maximum  alternating  current  capacity  is  now  only  230  KW. 

Some  of  the  present  equipment  will  be  transferred  to  the 
new  engine  room;  and,  in  addition,  a  simple  Ball  engine,  di- 
rect-connected to  an  Allis-Chalmers  Co.  250  KW  generator, 
and  a  125  KW.  steam  turbine,  which  is  a  portion  of  the  equip- 
ment of  the  electrical  laboratory,  will  be  installed-  A  simple 
engine  was  chosen  because  the  exiiaust  steam  is  used  for  heat- 
ing, and  the  engine  therefore  becomes  merely  a  reducing  pres- 
sure valve  for  the  heating  system. 

The  building  will  be  completed  by  June  1,  and  the  equip- 
ment installed  soon  after.  It  would  be  impossible  to  build  a 
larger  boilerhouse  at  this  time  without  cutting  out  the  coal- 
ing switch  for  the  old  boiler  house,  which  of  course  must  con- 
tinue in  service  for  five  or  six  years,  until  an  addition  can  be 
built  to  the  new  boiler  house  and  another  battery  of  boilers  be 
set. 

The  new  mechanical  equipment  was  decided  upon  by  Mr. 
\Y.  L.  Abbott,  President  of  the  Board  of  Trustees,  and  Dean 
W.  F.  M.  Goss  of  the  College  of  Engineering.  The  details  of 
piping  and  wiring,  together  with  the  selection  of  pumps,  feed 
water  heaters,  etc.,  has  been  entrusted  to  Mr.  W.  H.  Zimmer- 
man, '96,  who  now  has  offices  as  Consulting  Engineer  in  the 
First  National  Bank  Building,  Chicago.  The  plans  for  the 
building  were  prepared  by  Mr.  W.  C.  Zimmerman,  the  State 
Architect;  and  the  general  contract  has  been  awarded  to  Mr. 
E.  C.  English  of  the  class  of  1902. 
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THIRD  ANNUAL  ELECTRICAL  SHOW. 


Howell  H.  Reeves^  E.  E.  '10. 


Tlie  Third  Annual  Electrical  Sliow  of  the  University  of 
Illinois  was  held  in  the  Electrical  building  on  the  evenings 
of  February  10,  11,  12,  1910.  This  show  was  given  by  the 
students  in  Electrical  Engineering  for  the  following  reasons. 
They  wished  to  gain  some  practical  experience  in  electrical 
work;  they  desired  that  those  who  could  avail  themselves  of 
the  opportunity  sliould  have  the  chance  to  see  the  recent  ap- 
plications of  electricity  to  the  fulfillment  of  human  needs,  and 
they  also  hoped  to  demonstrate  to  the  people  of  Illinois  that  a 
university  training  was  capable  of  results. 

The  organization  was  slightly  different  from  that  of  the 
preceding  shows.  The  work  was  divided  between  three  de- 
partments, one  having  clmrge  of  the  engineering,  one  of  the 
advertising,  and  the  third  of  the  finances.  There  was  one 
man  with  one  or  two  assistants  at  the  head  of  each  of  these 
departments.  Above  the  three  departmental  heads  was  a 
general  manager,  who  as  his  title  indicates  had  general  charge 
of  tlie  whole  show.  Tlie  personnel  of  the  management  was 
as  follows : 

General  Manager 

Engineer 

Advertising  Manager 

Business  Manager 

Treasurer 

Assistant  Advertising  Manager 

Assistant  Engineer 
H.  A.  Moore  Assistant  Engineer 

The  engineering  department  had  charge  of  the  exhibits. 
These  fall  naturally  into  three  divisions,  heating  and  cooking, 
lighting,  and  the  transmission  of  intelligence.  Much  of  the 
apparatus  in  tlie  first  groupe  was  supplied  by  the  General 
Electric  and  Westinghouse  Companies.  In  the  electric  kitcli- 
en  on  the  third  floor  were  cliafiug  dishes,  toasters,  corn  pop- 
pers, hot  water  cups,  cooking  and  baking  outfits,  tea  kettles, 
coffee  percolaters,  electric  stoves  and  numerous  other  house- 
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liold  appliances.  The  kitchen  was  in  charge  of  a  number  of 
co-eds  from  the  llonsehokl  Science  department  and  the}"  were 
kept  busy  serving  the  great  throng  of  visitors  with  toast; 
cottee  and  fudge. 

The  lighting  exhibit  was  verj'  instructive  to  everyone. 
Electrical  power  has  perhaps  no  more  important  application 
than  that  to  illumination.  There  is,  however,  a  great  diver- 
sity in  the  forms  of  electric  lamps  owing  to  the  recent  develop- 
ment of  the  Tantalum,  Nernst  and  Tungsten  incandescent 
lamps,  the  vapor  lamps,  and  the  luminous  flaming  arc  lights. 
These  lamps  have  different  colors,  different  costs,  and  differ- 
ent operating  characteristics  and  the  problem  of  choosing  the 
proper  lamp  for  the  place  to  be  illuminated  is  one  incapable 
of  solution  by  the  layman  at  a  moment's  notice.  A  whole 
room  at  the  show  was  devoted  to  this  subject,  the  lamps  be- 
ing shown  in  operation  and  their  various  characteristics  were 
explained  by  those  in  charge. 

xVmong  the  exhibits  dealing  with  the  transmission  of  in- 
telligence were  the  magneto,  central  energy,  automatic,  and 
wireless  telephone  system,  the  speaking  arc  and  the  wire- 
less telegraph.  Two  complete  stations  of  the  wireless 
telephone  were  displayed  by  Mr.  Maddox  of  Bateman,  Garri- 
son, Maddox  Co.  Much  amusement  was  furnished  by  the 
speaking  arc  wliich  seemed  to  have  almost  human  intelli- 
gence. It  would  talk  to  the  people  in  the  room,  calling  them 
by  name  and  referring  to  them  in  unmistakable  terms. 

There  were  many  other  exhibits  not  falling  within  the 
three  general  divisions.  Some  of  these  were  instructive,  oth- 
ers simply  amusing.  Among  the  former  were  the  vacuum 
cleaners,  lifting  magnets,  monorail,  electric  meters,  Thor- 
darsou  transformer,  and  the  measurement  of  human  resist- 
ance. The  ultra-violet  rays  and  corona  effects  of  high  volt- 
ages were  also  of  great  interest.  One  of  the  most  popular 
booths  in  the  show  was  the  Nursery.  Here  it  w^as  shown  how 
electricity  could  be  used  to  light  the  tire  in  the  morning  and 
wake  the  sleeper  only  after  the  house  had  become  warm.  The 
baby  jumper,  and  baby  spanker  also  attracted  a  large  amount 
of  attention. 

Tiie  i>lanning,  installing  and  operation  of  these  exhibts 
called  for  the  combined  efforts  of  the  majority  of  the  electrical 
eun:inoerinc:  students  and  these  efforts  were  harmonized  with 
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such  a  lack  of  friction  and  such  a  spirit  of  good  will  as  to  call 
forth  the  praise  of  all.  The  most  notable  instance  of  this 
was  on  the  last  night  of  the  show  after  the  visitors  had  gone. 
The  laboratory-  was  cleaned  of  booths  and  decorations  and  put 
in  shape  for  class  work  within  a  very  few  hours  by  the  many 
willing  hands  that  had  already  worked  hard  and  long. 

It  seemed  more  appropriate  to  do  most  of  the  advertising 
for  the  show  by  electrical  means  and  consequently  the  ad- 
vertising department  concentrated  most  of  its  efforts  in  the 
two  sky  rocket  signs,  one  of  which  was  suspended  from  the 
roof  of  the  Flatiron  building  in  Urbana  and  the  other  in 
Champaign.  The  tails  of  these  rockets  were  fifty  feet  long 
and  the  burst  of  colored  streamers  and  "E.  E.  Show"  at  the 
end  made  an  attractive  and  novel  advertisement.  The  light- 
ing of  the  library  tower  with  flaming  arcs  and  the  search 
lights  on  the  Main  Hall  tower  helped  to  arouse  interest. 

So  far  as  the  students  are  concerned  the  results  of  the 
show  are  most  encouraging.  It  gave  them  an  opportunity  to 
accomplish  things  and  develop  in  them  a  feeling  of  responsi- 
bility and  of  self  reliance.  It  has  drawn  the  electrical  engi- 
neers together  and  developed  a  feeling  of  pride  in  the  depart- 
ment and  of  loyalty  to  each  other  as  no  other  student  enter- 
prise has  done.  In  no  other  way  could  the  feeling  of  good 
fellowship  and  the  appreciation  of  the  common  aims  of  botli 
have  been  developed  in  facultv  and  students. 
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THE  MINE  RESCUE  STATION, 


Robert  Y.  Williams^  A.  B.,  E.  M. 


A  summary  of  the  work  of  the  Mine  Rescue  Station  at 
the  Universit}^  of  Illinois  shows  certain  progress  during  its 
first  year's  existence.  Many  interested  visitors  have  studied 
the  equipment  and  methods  of  modern  mine  rescue  practice 
as  demonstrated  at  this  station;  and  about  200  mining  men 
have  donned  the  helmets  and  entered  the  poisonous  sulphur 
atmosphere  of  the  "smoke  room"  to  test  for  themselves  the 
efficiency  of  these  breathing  appliances.  Despite  this  favor- 
able report,  those  in  charge  of  the  station  regret  that  more 
miners  have  not  visited  the  station  for  a  thorough  training 
continuing  over  a  period  of  a  week  or  ten  days.  The  greater 
portion  of  the  visitors  have  been  unable  to  remain  longer  than 
a  single  day,  and  their  first  hand  acquaintance  with  the  va- 
rious machinery  has  been  therefore  somewiiat  limited. 

When  this  Rescue  Station  was  formalh^  opened  in  March 
1909,  under  the  combined  efforts  of  the  United  States  Geolog- 
ical Survey,  the  State  Geological  Survey,  and  the  Univer- 
sity of  Illinois,  the  purpose  of  its  establishment  was  explained 
as  being  primarily  educational.  The  station  was  designed 
to  demonstrate  the  modern  mine  rescue  tactics  to  the  mine 
inspectors,  operators  and  miners,  and  the  equipment  was  pro- 
vided with  a  view  to  supplying  the  appliances  necessary  to 
allow  the  engineers  in  charge  of  the  station  to  enter  and  ex- 
amine mines  in  order  to  determine  the  causes  and  conse- 
qunces  of  mine  fires  and  explosions.  It  was  further  ex- 
plained at  the  dedication  of  the  station  a  year  ago  that  in  the 
event  of  a  mine  fire  or  explosion  occurring  prior  to  the  estab- 
lishment of  Joint  Rescue  Stations  by  the  operators  of  the 
state,  the  equipment  of  this  station  would  be  hurried  to  the 
scene  of  the  disaster  and  all  possible  assistance  given  in  the 
work  of  rescue.  During  the  past  twelve  months,  we  have 
been  called  into  the  field  on  the  occasion  of  2  explosions,  7 
fires,  4  mine  examinations  with  ihc  aid  of  the  helmets,  and  2 
conference  demonstrations. 

This  campaign  of  education  on  the  part  of  the  Urbana 
Rescue  Station  has  obtained  important  results  aside  from  the 
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material  assistance  given  in  the  work  of  rescue  at  the  disas- 
ters visited.  Today  there  are  three  private  rescue  stations 
in  Illinois,  installed  by  mine  owners  to  protect  the  lives  of  the 
miners  under  their  charge:  and  on  February  ITtli  the  Legis- 
lature enacted  a  law  establishing  three  state  rescue  stations 
and  providing  an  appropriation  large  enough  to  equip  each 
station  with  all  the  necessary  appliances  for  making  safe  and 
rapid  the  work  of  rescue  following  a  mine  disaster.  This  ac- 
tion makes  Illinois  the  first  state  in  the  Union  to  recognize 
the  value  of  modern  mine  rescue  tactics  and  to  adopt  these 
methods  as  a  safeguard  to  the  lives  of  the  70,000  citizens  who 
are  engaged  in  the  Illinois  Coal  Mining  Industry. 
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During  the  present  year  the  Railway  Eugineering  De- 
1);irtmt'ut  lias  made  the  f()ll<»wing  important  addition  to  its 
media nieal  e(|nipment. 

A  Drop  Test  ^Machine  l)uilt  according  to  tiie  speciticatious 
of  both  tiie  ^Master  Car  Builder's  Association  and  tlie  Ameri- 
can Maintenance  of  Way  Association.  It  is  simihir  to  tlie 
few  existing  macliines  of  the  same  name  with  the  exception 
that  it  embodies  one  or  two  improvements  over  the  older  ones, 
and  is  very  complete  in  tlie  matter  of  fixtures  for  special  work. 
By  means  of  this  machine,  various  railroad  materials,  such 
as  axles,  draft  gears,  couplers  and  rails  are  tested  for  con- 
formity with  specifications  by  subjecting  them  to  the  impact 
of  a  1040  11).  or  of  a  2000  lb.  weight,  falling  through  a  distance 
of  from  three  to  fifty  feet,  as  the  specifications  or  the  resist- 
ance of  the  material  being  tested  may  require. 

A  Brake  Shoe  Testing  Machine  built  according  to  the 
requirements  of  the  ^Master  Car  Builder's  Association.  This 
machine  was  designed  in  detail  by  the  Department  in  order 
that  certain  improvements  might  be  embodied,  such  as  pro- 
vision for  llea^';\•  journal  bearing  and  lubrication  tests.  It  is 
used  in  making  various  tests  bearing  upon  the  coefficient  of 
friction  or  retarding  effect  of  various  designs  and  materials 
in  use,  per  work  done.  This  is  a  matter  which,  in  view  of  the 
annual  ex])enditure  by  the  railroads  of  the  country  of  about 
17,000,000.00  for  shoes,  has  for  many  years  occupied  the  close 
attention  of  the  blaster  Car  Builder's  Association. 

A  Suspended  Locomotive  Counterbalancing  ^lodel,  by 
Professor  Dalby,  so  arranged  that  various  methods  of  coun- 
terbalancing either  two  or  four  cylinder  stationary  engines  or 
locomotives  may  be  investigated,  and  the  results  compared 
with  the  results  of  mathematical  analysis.  The  model  is  so 
designed  that  all  crank  angles  as  well  as  all  reciprocating  and 
revolving  weights  may  be  changed  at  will. 

A  set  of  four  ^laihah-Parrish  Continuous  Indicators 
with  electro-magnetic  attachments  for  operating  the  pencil 
motion  and  advancing  the  ])aper  and  device  for  opening  and 
closing  the  cocks,  permitting  the  attachment  of  the  indicators 
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jii  the  most  advautaij^eons  positions  as  regards  short  pipe  con- 
nections and  regardless  of  bringing  them  within  reach  of  the 
operator.  Indicator  cards  may  thus  be  taken  from  the  dyna- 
mometer car  with  corresponding  record  on  the  chart  opposite 
the  various  records  such  as  speed  and  draw  bar  pull.  The 
long  pipe  connections  usually  emj)loyed  may  be  done  away 
with  and  some  interesting  results  from  engines  in  actual  road 
service  are  looked  for. 

A  Vvestinghouse  Air  Brake  equipment  designed  primar- 
ily for  instructional  purposes,  and  arranged  in  series  with  the 
^ew  York  equipment  already  belonging  to  the  Department. 
In  addition  to  covering  the  usual  engine,  passenger  and 
freight  equipment  with  which  every  one  is  familiar,  the  equip- 
ment includes  the  following  features : 

Combined  automatic  and  straight  air 

Duplex  main  reservoir  control 

Double  pressure  control 

The  "High  Speed"  brake 

Retarded  release  and  re-charge  tuples 

The  "E.  T."  (improved  engine  and  tender)  equipment 

A  "St.  Clair"  car  equipment  complete. 

Sectional  models  of  all  complicated  parts  are  included. 
These  are  connected  when  possible  in  tandem  with  operating- 
parts  in  such  a  manner  that  the  operations  of  all  internal 
parts  are  visible.  In  erecting  the  apparatus,  liberal  use  was 
made  of  by-passes,  cocks  and  gauges  for  illustrating  defects 
in  the  usual  manner.  In  addition,  provision  is  made  for 
showing  the  building  up  and  down  of  various  pressures  in 
serial  action  in  order  to  demonstrate  to  the  student  as  clearly 
as  possible  the  points  which  are  now  occupying  the  attention 
of  railroad  clubs  and  of  air  brake  instructors  in  connection 
with  the  handling  of  long  heavy  trains  in  severe  service. 
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"Desiiiiiiiig-  ami  Detailiuu"  of  Siiupk'  Steel  Structures"  is 
discussed  by  Clyde  T.  Morris  in  au  interesting  book  just  from 
the  press.  It  contains  a  collection  of  important  items  which 
are  applicable  to  simple  structures  collected  from  the  many 
larger  works  on  structural  steel  design.  The  author  assumes 
that  the  student  has  a  fair  knowledge  of  stresses  and  does  not 
take  up  the  methods  of  calculating  these.  The  same  notations 
are  used  thruout  the  book,  making  the  equations  as  simple  as 
possible. 

Among  the  items  taken  up  are  the  following:  Eiveting; 
Designing  and  Estimating;  Manufacture  and  Erection; 
l\oofs;  Plate  Girder  Bridges;  Pin  connected  Bridges. 

The  book  has  192  pages,  illustrated  by  diagrams  when 
needed,  and  fully  indexed.     The  price  is  |2.25. 

The  "Inspectors'  Hand  Book  of  Reinforced  Concrete,"  by 
Walter  F.  Ballinger  and  Emile  G.  Perrot,  recently  published 
by  the  Engineering  News  Publishing  Company  of  New  York, 
contains  sixty-three  pages  of  valuable  information  to  engi- 
neers.    The  subject  is  taken  up  in  three  divisions : 

(1)  "Forms  of  Falsework''  in  which  the  various  forms 

are  discussed,  giving  methods  of  putting   up   and 
knocking  down. 

(2)  "Reinforcement."  Different  methods  are  described, 

giving  advantages  and  disadvantages. 

(3)  "Concrete."      Different    ingredients,     proportion, 

method  of  mixing,  etc. 
In  addition  to  the  above,  there  is  added  an  appendix  con- 
taining formulae  and  tables  to    be    used    in    calculating   the 
strength  of  reinforced  concrete.     The   price   of  this   book   is 
11.00. 

"Bridge  and  Structural  Design,"  by  W.  Chase  Thomson, 
published  by  the  Engineering  News  Publishing  Company  has 
just  come  from  the  press.  This  book  contains  187  pages,  and 
takes  up  the  general  prin('i]des  of  design,  illustrating  by  nu- 
merous exami>les.  The  analytical  and  graphical  methods  are 
both  used  in  (h^tei'miuiua-  the  stresses.     The  theorv  involved 
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i.s  expressed  in  a  simple  way,  aud  for  those  whom  the  book  is 
intended,  students  aud  drauglitsmen,  it  should  be  easily  un- 
derstood.    Price  12.00. 

''Tables  aud  Diagrams  for  obtaining  the  Resisting  Mo- 
ments of  Eccentric  Rivited  Connections,"  by  E.  A.  Rexford, 
has  just  been  received  from  the  press.  This  book  is  composed 
entirely  of  tables  and  diagrams,  with  a  few  explanatory  notes, 
the  purpose  of  which  is  to  facilitate  the  operations  of  obtain- 
ing the  resisting  moments  of  eccentric  riveted  connections.  It 
is  intended  for  use  in  designing  connections  to  columns  where 
eccentric  loads  are  involved.  Different  problems  may  easily 
be  applied  to  the  diagrams  and  the  resulting  moments  ob- 
tained. The  book  contains  29  plates,  4  diagrams  to  the  plate, 
and  sells  for  one  dollar. 

"A  History  of  the  Logarithmic  Slide  Rule  and  Allied  In- 
struments,'' by  Florian  Cajori,  Ph.  D.,  has  recently  been  issued 
by  the  Engineering  News  Publishing  Company.  The  history 
of  the  slide  rule  is  taken  up  very  completely,  giving  a  descrip- 
tion of  the  various  kinds  and  the  developments  that  led  up  to 
their  design,  and  should  be  of  value  to  those  interested  in  the 
development  of  the  slide  rule.  The  book  also  contains  a  list 
of  the  rules  designed  and  used  since  1800.  There  are  74 
l)ages  of  reading  matter,  wliich  is  well  illustrated  and  in- 
dexed.    Price  11.00. 


CIVIL  ENGINEERING  CLUB. 


The  C.  E.  Club  began  the  first  semester  of  1009-10  with 
E.  S.  Pennebaker,  Pres.,  C.  A.  Nye,  Vice  Pres.,  W.  A.  North, 
Sec,  S.  Standish,  Treas.,  and  M.  S.  McCollister,  Sergeant-at- 
arms.  The  following  chairmen  of  the  different  committees 
were  appointed  by  the  president:  S.  Standish,  program,  K. 
L.  Ponzer,  membership,  M.  B.  Stewart,  advertising. 

The  first  semester  was  very  successful  in  the  matter  of 
lectures.  Some  of  the  most  successful  Engineers  of  this  coun- 
try spoke  to  good  audiences.  Among  these  speakers  were  the 
following  men : 

Dean  F.  E.  Turneaure,  Univ.  of  Wisconsin. 
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W.  II.  Zi  111  merman,  of  Chicago. 

T.  L.  Comlron,  of  Chicago. 

A.  8.  Baldwin,  Chief  Eng.  of  the  I.  C.  R.  R. 

Onward  Bates,  Pres.  of  A.  S.  of  C.  E. 

Dean  Ricker,  Univ.  of  Illinois. 

E.  Keongh,  '07,  Roadmaster  on  C.  B.  &  Q. 

0.  E.  Tibbetts,  '1)1),  liridge  Eng.,  C.  B.  &  Q. 

Honorary  membership  was  voted  to  the  speakers  after  the 
talks.  The  membersliip  committee  did  good  work  and  secured 
120  members.  This  gave  the  club  the  largest  membership  of 
the  Engineering  Societies  at  Illinois. 

The  officers  elected  for  the  second  semester  were  as  fol- 
lows : 

Pres.  S.  Standish,  Vice  Pres.,  H-  C.  Boardman,  Sec.  E, 
Juergens. 

Tlie  annual  Smoker  is  still  being  talked  about.  The  com- 
mittee with  K.  L.  Ponzer,  '10,  as  chairman,  has  been  appoint- 
ed and  plans  are  under  way. 

One  feature  of  the  C.  E.  Club  this  year  has  been  the  talks 
given  by  the  members  themselves.  Their  talks  were  on  exper- 
iences that  they  liad  while  on  work  of  different  kinds.  Among 
those  that  talked  were  the  following  seniors: — G.  H.  Smith, 
K.  L.  Ponzer,  W.  E.  Deuchler,  F.  W.  Weston,  I.  G.  Ferguson, 
and  G.  W.  Rathjens. 


ARCHITECTURAL  CLUB. 


During  the  past  year  the  Architectural  Club  has  been 
particularly  active.  For  the  first  time  in  several  years  a  sys- 
tematic course  of  lectures  was  arranged  and  carried  out.  The 
first  semester  a  series  of  eight  lectures  Avas  given  by  professors 
of  tlie  Architectural  and  Art  and  Design  Departmeuts  and 
The  course  was  continued  during  the  second  semester  by  prac- 
ticing arcliitccts  from  Chicago  and  otlier  cities. 

Tlie  annual  convention  of  the  Architectural  League  of 
America,  of  wliich  organization  this  Club  is  a  member,  was 
held  in  Washington,  D.  C-,  from  December  eleventh  to  four- 
teenth. Tlie  Club's  interests  were  ably  represented  in  the  per- 
son of  Mr.  Leon  F.  T'rbain,  who  Avas  elected  secretary  of  the 
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convention.  The  Architectural  Club  is  one  of  the  few  stu- 
dent organizations  that  are  members  of  the  League  and  in 
having  their  delegate  elected  to  such  an  inpomtant  office  they 
received  no  small  honors. 

The  progressiveness  of  this  gear's  club  was  well  demon- 
strated when  an  official  club  pin  was  adopted.  Efforts  had 
been  made  in  previous  years  to  select  a  pin  but  to  no  avail. 
This  year  a  competition  was  held  for  pin  designs  and  was  won 
by  a  senior,  Mr.  Robert  T.  Jones. 

A  year  book  of  work  done  exclusively  by  the  Club  was 
started  during  the  second  semester  and  at  the  time  of  writing 
was  well  under  way. 

The  Club  was  one  of  the  four  promoters  of  the  first  En- 
gineering Dance,  which  was  a  great  success. 

The  officers  for  the  first  semester  were;  L.  F.  Urbain, 
President;  R.  T.  Jones,  Vice  President;  S.  F.  Cannon,  Treas- 
urer; C.  H-  Schnetzler,  Secretary.  For  the  second  semester: 
S.  F.  Cannon,  President;  F.  A.  Ward,  Vice  President;  F.  B. 
Oray,  Treasurer;  W.  J.  Klein,  Secretary. 


THE  STUDENT  BPvANCH  OF  THE  A.  S.  M.  E. 


At  the  close  of  last  year  a  new  society  was  formed  at  tlie 
University,  as  a  section  of  the  American  Society  of  Mechani- 
cal Engineers.  The  object  of  this  organization  is  to  read  and 
discuss  papers  presented  before  the  main  body,  as  they  are 
published  in  ''The  Journal,"  the  official  organ  of  the  society. 

During  the  year  just  closed  nearly  all  of  tlie  members  in 
school  gave  a  resume  and  discussion  of  some  article.  These 
have  proven  especially  interesting  and  an  immense  amount 
of  good  has  been  derived  from  them. 

The  officers  are  elected  annually  in  February  and  are  all 
chosen  from  the  Junior  class.  For  the  first  year  they  were  as 
follows:  Pres.,  W.  F.  Coleman;  Vice-president,  F.  E.  Sperry; 
Secretary,  S.  G.  Wood;  Treasurer,  D.  Rugg.  For  the  new 
term  the  officers  are  President,  B.  L.  Keown ;  Vice  President, 
B.  Bannister;  Secretary,  E.  S.  Huntington;  Treasurer,  H.  C. 
Heilman.  Juniors  and  Seniors  in  Mechanical  Engineering 
are  eligible  to  membership. 
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The  officers  of  the  M.  E.  Society  for  1J)0!)-10  were  D.  C. 
Pattou,  "10,  Pres.,  J.  (\  Parinely  MO,  Vice  Tret^.,  J.  C.  Mackey 
•10,  Secy  and  I.  B.  Altekruse  '10,  Treas.  Eor  lUlO-ll  the  of- 
ficers are  D.  W.  Kreidler,  '11,  Pres.,  \\.  C.  Anthony,  '11,  Vice 
Pres.,  S.  A.  SchicUedanz,  Secy  and  H.  C.  Kranuert,  Treas. 
According  to  the  revision  of  the  constitution,  the  president 
and  treasurer  hold  office  for  one  year  beginning  with  the  sec- 
ond semester. 

The  society  has  been  unnsnally  successful  this  year  due 
for  the  most  part  to  student  programs.  Some  of  these  were, 
'^Gas  Producers  and  Engines''  by  J.  C.  Parmely  '10  and  F.  E. 
Sperry  '10.  "The  (^Construction  and  Testing  of  Automobiles" 
by  D.'  W.  Kreidler,  '11,  A.  O.  Spierling,  'io  and  W.  C.  Au- 
thom^,  '11  and  "A  Wire  Guage  Table  from  the  Slide  Rule"  by 
O.  A.  Carnahan,  '10. 

Outside  speakers  were  Mr.  William  Kent,  M.  Am.  Soc. 
M.  E.  on  ''The  Engineer."  Mr.  M.  B.  Stewart  of  the  depart- 
ment of  agriculture  on  ''The  Illinois  Tunnel  System"  and  Mr, 
E.  T.  Clarage,  Pres.  of  the  Columbia  Steel  Co.  on  "Tool  Steels 
and  Their  Use." 

In  the  early  part  of  the  year  a  smoker  was  held  in  Hessel 
hall  in  Champaign  at  which  there  was  an  attendance  of  over 
one  hundred  and  fifty.  Besides  the  smoker  and  eats  there 
was  an  excellent  program  given  by  members  of  the  faculty 
and  senior  students.  This  affair  gave  an  impetus  to  the  soci- 
ety at  the  start  of  the  year  and  was  so  siu-cessful  that  a  like 
event  will  be  given  about  May  as  a  final  round-up  before  the 
close  of  the  school  year. 
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